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"When you can win over - 
attitudes like ours with 
acar like this, its got 
_ tobegood. 
This one is terrific. 


— MOTOR TREND 


INTRODUCING CAPRICE CLASSIC LTZ. 
MOTOR TREND CAR OF THE YEAR 


Special instrument cluster featuring digital speedometer with analog gages. 
a Sophisticated MD suspension. ® Highest V8 mileage in its class. EPA estimated 
. MPG city 17/hwy. 26. 8 Standard 4-wheel anti-lock brakes and 
driver s-side air bag. a 3-year/50,000-mile Bumper to Bumper Plus Warranty.* 
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WINNING WITH 7 —J*— 
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NEM It happens only once a year. Gathered together are Americas best 
for 1991. Only to be subject to a battery of rigorous tests by "American 
Motordom's" most honored critics. Tests ranging from accel- 
eration and braking to hours of on-the-road driving. 
And when the results were in, enough couldnt 
be said about the Caprice Classic LTZ. 
"The LTZ has a level of power...no other car in its 
class can match...a well-made driver's sedan.” *..a new benchmark 
in a high-quality, performance-oriented family sedan, 
destined to be an important car on the American scene.” 
Caprice Classic LTZ. The Motor Trend Car of the Year, 
and another reason more people are winning 
with The Heartbeat of America. 
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*See your Chevrolet dealer for terms of this limited warranty. A deductible will apply after 12 months or 12,000 miles. Chevrolet. the  [ 


the GM Corp. * 1991 GM Corp. All Rights Reserved. || iM 
Lets get it together...buckle up. L— 


Chevrolet emblem and Caprice are registered trademarks o 


...particularly in today's fickle financial climate. 
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(61991 Metropolitan Life Insurance Co., NY, NY. PEANUTS Characters: © 1952, 1958 United Feature Syndicate, Inc. 
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Robot insects 


Buglike robots represent a prom- 
ising, pared-down approach to 


artificial intelligence research. SCIENCE AND 

These mechanical creatures may | | 

be used to scour Martian plains, TECHNOLOGY 

chip off cholesterol deposits in Science newsfront........................22 


human arteries, even help with 
chores around the house. 
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Chess computers have made amazing strides in the 

past 21 years. Today, some are good enough to chal- IET 

lenge the top human players. By 2000, the world’s HOME PRODUCTS 

best program may be able to beat the world champion. AND TECHNOLOGY 
Home newsfront.......................... 43 
Houses that breathe................... 80 


ADDITIONAL 
FEATURES 


Fiber optics 
head for home 


A complex network of optical fibers 
may be winding its way to your home 
soon, promising dial-up high-definition 
television movies, electronic catalog 
shopping, small-screen videophones for 
two-person calls, and more. 


COVER PHOTO BY 
JOHN B. CARNETT 


POPULAR SCIENCE MARCH 1991 * 3 


| ————— Aui—— —————— — — 21 1 1 C2 


the better to hover over the 
chessboard and confront his perplexi- 
ty. He knew nothing of gambits or po- 
sitional strategies or the subtleties of 
sacrifices and exchanges. In his first 
chess game, it was enough trying to 


learn the odd movement of the knight | 


and the fact that pawns only move 
forward. 


“How come they never move back- | 


ward, Dad?" 
"It's a rule. They just don't." 
Chess-playing computers ask no 


COMPUTER VS. COMPUTER 


WHITE BLACK 
Deep Thought Mephista 
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Nde5 fe5 
Ne5 Kf6 
Qa5 Na5 
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Deep Thought versus Mephisto at the 1990 
North American Computer Chess Championship. 


questions. They know all the rules 
from the moment they are powered 
up. Computers play a cold, calculating 
game based on speed and memory ca- 
pacity. And lately these machines 
have been getting more masterful. 
The quest to build automatons that 
excel at what is generally considered 
| one of the most cerebral pursuits 


puter science itself. It says something 
about our desire to recreate the hu- 
man intellect in a machine. The devel- 
opment of chess-playing computers is 
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From The Editor 


y son, Daniel, not quite eight 
| years old, rose up in his seat, 


one of the many paths leading to ad- 
vances in artificial intelligence, con- 
cludes Senior Editor Dawn Stover, 


who chronicles the latest develop- | 


ments in computer chess in this issue. 

By the way, if you'd like to recreate 
one of the decisive games from the re- 
cent computer chess tournament be- 
tween top chess programs Deep 
Thought and Mephisto, we've printed 
the move-by-move notation of their 
third-round game. To follow this nota- 
tion, mark the chessboard grid from 


“a” through “h” along the files, and | 


from 1 to 8 along the ranks. “N” 
stands for knight, ^B" for bishop, “Q” 


for queen, and so on. The notation | 
“0-0” means castling. A move without 


a capital letter is a pawn move. 


proach to artificial intelligence 
research is being pursued at the 
Mobile Robotics Lab at the Mass- 
achusetts Institute of Technology, 


B erhaps the most unusual ap- 


| where select members of the insect 


world are being remade with silicon 


| chips and micromotors. In our cover 


story this month, Assistant Editor 
Judith Anne Yeaple reports that the 
promise of these so-called robot in- 


| sects is more than a nerdy “Honey, I 


shrunk the computer" laboratory ex- 
ercise. 
funding and struck licensing deals for 
future development of the CCD- 
equipped crawlers. 


e hope you recognize a bar- 
| gain when you see one. To wit: | 


^Mars on $350,000 a Day," 
which is the cost breakdown of the 


controversial proposal space scientist | 


Lowell Wood sprang on the U.S. Space 
Foundation last year. Writer Tom 
Dworetzky was at the symposium 
when Wood unveiled his spectacular 
plan and now brings us a detailed 
analysis of its merits and shortcom- 


| ings. In the wake of the most recent 


critique of NASA and U.S. space poli- 
cy, not to mention one of the most 
troubled years of space-equipment 
failures, Wood's proposal deserves at- 
tention—if only because it is apparent 


| that our space initiatives need fresh 
| energy, enterprise, and execution. 
dates virtually from the dawn of com- | 
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INTRODUCING A MIRACLE OF MODERN MEDICINE: 
UNLIMITED OPPORTUNITY. 


Now that medical specialists are in demand more than ever, theres never been a better time to consider 
Army Reserve Specialized Training. 

The Army Reserve can train you in one of a wide variety of medical specialties from Respiratory Specialist, 
to Practical Nurse, to Pharmacy Specialist. You'll serve part-time, near home, usually one weekend a month, 
plus two weeks a year. 

Starting out can be easier than ever, too, through one of our financial assistance programs. Our new 
Specialized Training for Army Readiness (STAR) program is a great example. If you qualify, we'll help pay for 
your tuition, books and fees at a local, Army-approved civilian school of your choice. 

Think about it. 

Then, think about us. 

See your Army Reserve Recruiter today. 

Or call 1-800-USA-ARMY. 
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ARMY 
RESERVE 


| 4 


6URQ-AR8-0 


-ire 
Dam are EL 


lowa observations 


In the article “What Really Happened 
on the Iowa?” [Dec. '90], there is one 
factor in the explosion that you didn't 
cover: the chemical and physical state 
of the propellant. If the Jowa's nitro 
was not in good, fresh condition, it 
could have self-ignited from mild 
ramming. The size and layout of the 
trim layer wouldn't have mattered. 


An ordinance report in 1929 recom- | 


mended using paper cartridges such 
as cardboard barrels instead of silk 
bags for propellant. These could be 
mechanically delivered to the gun. 


Doesn't the Navy realize manned tur- | 


rets are fatally obsolete in an era of 
armor-piercing missiles? 


Robert Strippy, Charlottesville, Va. - 


It was refreshing to read an article 
based on scientific testing, not on ru- 
| mors or the deplorable investigation 
at the time of the accident. If 19 
months ago the Navy had taken the 
exhaustive measures that Sandia Na- 
tional Laboratory did, 47 families 
would have known what actually 
happened to their sons, husbands, 
and brothers. The Navy owes an apol- 
ogy to those families for what was 
likely an accident—not the work of a 
suicidal sailor. 
Robert and Linda Gedeon 
Lakewood, Ohio 


The Gedeons’ son, Robert Gedeon III, 
was killed in the Iowa incident. 


Energy saver or spender? 


My two-story three-bedroom home in 
Toronto has no high-tech systems 
like the nearby Advanced House 
(“Canada’s Energy Miser,” Dec. '90]. 
But by using a ground-source heat 
pump, attic insulation, low-tempera- 
ture settings, and turning off unnec- 
essary lights, we use an average of 
only 11,200 kilowatt-hours per year. 
The Advanced House should—but 
doesn't—do better than this. It's idi- 
otic that the Canada house can't pre- 
vent the backup heater from coming 
on when the thermostat setting is 
raised after the nighttime set-back. 
It would be better to raise the ther- 
mostat temperature in small incre- 
ments so that the backup needn't 
come on. 

John Gingrich, Toronto, Canada 
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Readers Talk Back 


Congratulations on your low energy 
consumption. However, because many 
people aren't prepared to make simi- 
lar changes in personal habits for en- 
ergy savings, one objective of the Ad- 
vanced House was to save energy 
without lifestyle compromises. Also, 
the house doesn't use a night set-back; 
computer simulations predicted that 
a set-back would use more energy be- 
cause the house needs little power to 
maintain temperature. While a stan- 
dard thermostat anticipator would 
make the heating loop in the inte- 
grated mechanical system cycle on 
and off, the system is designed to 


meet energy loads with the loop oper- | 


ating continuously. Heating and cool- 
ing equipment should be sized to 
match low-energy-consuming homes. 


That implies changes to thermostat | 


design too.—Elizabeth White, Ad- 
vanced House project manager, 
Toronto, Canada 


The car electric 


Twenty-five percent of the 1990 “Best 
of What's New" [Dec. '90] selections 
and one grand winner glorify develop- 
ments in internal-combustion technol- 
ogy—a major pollution source. You 


only cited two electronic-propulsion 
projects. If one percent as much money | 


had been spent on electric technology 
as on internal combustion, long-range 
high-performance electric vehicles 
would be common now. 

Ralph Tenny, Richardson, Texas 


I think the best way to get nonpolluting 
electric technology on the road quickly 
is to retrofit today's gas-burning cars. If 
we adapted the drive train to receive 
power from gasoline and electricity, the 
existing gasoline-powered engines 
could be used at speeds above 35 mph 
and when battery charge is low. An 
electric motor could power the car at 
slower speeds and, more importantly, 
during bumper-to-bumper traffic. 
Anthony L. Rose, Hastings, Minn. 


Reader Rose's instincts regarding "hy- 
brid” vehicles are right on. The first 
practical electric automobiles will 
probably follow such a system. How- 
ever, retrofitting today's cars with bat- 
teries or electric motors is unlikely 
given the EPASs regulations on “tam- 
pering" and product-liability con- 
cerns.—Norman S. Mayersohn 
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Here's a great way to build a collection 
of your favorite movies—on laserdiscs! 
Just write in the numbers of the 3 
laserdiscs you want for $1.00 each, plus 
shipping and handling. In exchange, you 
simply agree to buy two more laserdiscs 
in the next year, at regular Club prices 
(currently as low as $29.95, plus 
shipping and handling)-and you may 
cancel membership at any time after 


ony 50. 
very four weeks (up to 13 times a 
year), you'll receive a Club mailing, 
reviewing our Director's Selection-plus 
scores of alternate choices, including 
many lower-priced laserdiscs. And you 
may also receive Special Selection 
mailings up to four times a year. (That's 
up to 17 buying opportunities a year). 
You buy only what you want-when 
you want it! If you want the Director's 
Selection, do nothing-it will be sent 
automatically. If you'd prefer an 
alternate selection, or none at all, just 


Back To The Future 
2114092 


| Bom y her Fourth 
uly * 

4891042 
mail the response card always provided 
by the date specified. And you'll always 
have 14 days to decide; if not, you may 
retum the selection at our expense. 

There's a money-saving half-price 
Bonus Plan. If you continue your 
membership after fulfilling your 
obligation, you'll be eligible for our 
Bonus Plan. With each selection you 
buy at regular Club price, the plan 
currently allows you to take another 
selection of equal value or less at 50% 
off...so you'll continue to save money for 
as long as you remain a member. 

And there's a 10-day risk-free trial. 
We'l send details of the Club's 
operation with your introductory 
package. If not satisfied, return 
everything within 10 days for a full 
refund and no further obligation. 


For fastest service, use your 
credit card and our toll-free number. 


Call 24 hours a day: 


1-800-538-2233 
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Columbia House LASERDISC CLUB 
Dept. J3E P.O. Box 1112 , Terre Haute, Indiana 47811-1112 
Yes, please enroll me under the terms outlined in this advertisement. As a member, 
| need buy only 2 more selections, at regular Club prices, within the coming year. 
Send me these 3 laserdiscs for $1.00 each plus $1.50 each shipping and handling|total $7.50) 
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Please Check How Paying: C My check is enclosed 2HJ/2HK | 
O Charge my introductory laserdiscs and future Club purchases to: - 
O MasterCard O Diners Club C AMEX OVISA - 
Acct No. Exp. . 
Signature i 
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Address 3 = | Kok. -— 
City - State _ i 
i 

Zip Phone No. [ J 
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Note: Membership is liviied and Columbia Howe Laxendise Club reserves the right fo reject or cancel any 
membership. Offer limited to continental U.S. (excluding Alaska), Applicable sales tax added to all orders. 
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Readers Talk Back 


Digital dynamos 


In *The Digital Age Comes Home" 
[Nov. '90], you provided clear explana- 
| tions of the marvels of these wonder- 
ful technologies. If the Luddites in the 
music industry would embrace rather 
than oppose these products, consum- 

| ers and artists would gain. 
Gary Shapiro, group vice president 
Consumer Electronics Group 
Electronic Industries Association 
Washington, D.C. 


Cam question 


I noted that the 2.2-liter dual- 
overhead-cam in-line four-cylinder 


engine that Chrysler is bringing to | 


the market for 1991 incorporates 
rocker arms in the valve train [“De- 
troit Shifts the Balance of Power," 
Oct. '90]. Why did the designers by- 
pass the tradition of using a cam fol- 
lower directly in line with the valve 
stem? 

Larry Addington, Joplin, Mo. 


The main reason was to lower engine 
height to keep the hood line low. Also, 
using roller-bearing elements at the 
follower and valve stem lowers engine 
| friction, improving gasoline mileage. 
—Norman S. Mayersohn 


Banking at home—cheap 


At $10 a month and $50 for 
installation, Citicorp’s banking by 


telephone will set us back a few years | 


(“Electronics Newsfront," Aug. '90]. I 


have been doing this for years for ze- | 


ro cost. I pay bills, transfer funds, re- 
ceive updates on balances, see if 
checks have cleared, and do everything 
that Citicorp proposes except the one 
thing that Citicorp can't do—I can't get 
cash either. 

Charles S. Eldridge, Sparks, Nev. 


| Money for nothing 


The Navy plans to buy 620 
radar-foiling attack wings [^What's | 
New," Jan.]. For how many billions of 


| dollars? Also, how many billions were 
squandered on the tank antenna test- 
| er? I'm fed up with the Feds. 

Wayne Miles, Fort Worth, Texas 


Not-so-green cleaners? 


5 8 


| Your item on Panduit Corp.'s "green" 
aerosol cleaners is erroneous 


| [^What's New Automotive," Nov. '90]. | 


Four percent of the propellant con- 


sists of carbon dioxide. However, the | 
remaining 96 percent of this product | 
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is R-113, which depletes the ozone layer. 
Jack Rolfe, Burr Ridge, Ill. 


Our Premium Contact Cleaner uses 
carbon dioxide propellant, but it also 
uses a chlorofluorocarbon. By using 
the term "green" to describe the chem- 
ical, you imply that it is not harmful 
to the environment. We do not de- 
scribe our cleaner in such terms. 

Ken Wegrzyn, product manager 

Panduit Corp., Tinley Park, Ill. 


The accuracy of the product's descrip- 
tion was verified by Panduit's public- 


| relations firm before publication. 


—Judith Anne Yeaple 


Opening doors to the disabled 


The latch doorknobs in the item on 
the Adaptable Fire-Safe Demonstra- 
tion House [“Home Newsfront” Sept. 
90] reminded me of a way to make 
doors still more accessible to people 
with impaired hand functions. For en- 
ergy conservation and sound isola- 
tion, most of the interior doors in my 
house have tubular weatherstripping. 
This has the unexpected advantage of 
“spring loading” inward-swinging 
doors. With properly lubricated hing- 
es, a solid-core door will spring open 8 
to 10 inches. The solid core, while not 
essential, gives a closing door enough 
momentum to overcome the spring 
loading and latch shut without spe- 
cial effort. 

Bill Keezer, Sherborn, Mass. 


Safety first 


In a "What's New Tools" [Oct. '90] 
photo, it looks as if the flat face of the 
cut-off wheel on a Dremel Moto-Tool 
is being used for sanding. The direc- 
tions included with the tool say that 
only the edge should be used, not the 


| flat surface. Improper use could cause 
| the disc to shatter—and possibly | 


cause injury. 
Matthew Jachimstal 
Houghton, Mich. 


Home not-so-sweet home? 


The Dutch and Japanese houses are 
designed for the sake of design [^Bau- 
haus With Brains," "Intelligence With 


| Classic Style,” Sept. '90]. A credit- 
| card-size key lets you into the Dutch 


House of the Future. What's the ad- 
vantage over a standard key, which 
requires no electricity? So you can 
talk to a faucet. What if someone says 
the right words as I bask in my tub 
and the skylight opens to a snow- 
storm? Why should I be a slave to a 


key pad in my house? Can I do any- 
thing without it? In the Japanese 
house, *various experiments will de- 
termine where to build in system re- 
dundancy." I want system alterna- 
tives instead. What happens in a 
blackout? And what about the electro- 
magnetic radiation from all of these 
devices? These houses don't conserve 
power, materials, expense, time, or 
personal energy. 

Robert C. Zink, Cashmere, Wash. 


I was dismayed that the "intelligent" 
houses had no ideas about what to do 
with human waste. The Dutch house 
has a rainwater collector to flush the 
toilet, but that's not enough. A real 
"smart house" should have a com- 
posting toilet that ties into the main 
computer system. The computer 
could manage airflow, humidity, and 
temperature to turn the sewage into 
food for gardens quickly. I have a 
composting toilet, and my roses are 
happy. 
Chris Boder 
North Pender Island, B.C., Canada 


Sounds good—just so long as the com- 
post is not used on vegetables meant 
to be eaten. 


Motoring in D.C. 


I would love to build and drive the 
foam and fiberglass motor trike in 
"What's New Automotive" [Oct. '90], 
but I am afraid my insurance compa- 
ny would cancel my policy. Can any- 
one imagine this low, near-invisible 
vehicle during rush hour on the Capi- 
tol's Beltway? 

W. R. Gardiner, Mechanicsville, Md. 


Extremist or excellent? 


Regarding the letter that accuses 
POPULAR SCIENCE of being “run by ul- | 
tra-liberals" who support an "ultra- 
green" environmental agenda [^RTB," 
Nov. 90]: There is nothing extremist 
about good science, and good science 
overwhelmingly agrees that the ecolo- 
gy is in immediate danger. POPULAR 
SCIENCE not only alerts readers to en- 
vironmental threats, but also features 
inventions that may help reduce 
those problems. The magazine has 
never suggested that big government 
is the answer. In fact, POPULAR SCI- 
ENCE celebrates the spirit of individu- 
al initiative and free enterprise. 
Warren Litsinger, Victorville, Calif. 


Address letters to Readers Talk Back, POPULAR SCIENCE, 2 
Park Ave., New York, N.Y. 10016. Or fax your letter to us at 
212-779-5468. Letters may be edited for space and clarity. 
We regret that we cannot answer unpublished letters. 
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Full Flavor. 
" 


WE | . Surprising 
Ultra Lights. -g lity Ü ast e. 


Amazing low price. 


SURGEON GENERAL'S WARNING: Cigarette 
Smoke Contains Carbon Monoxide. 


WHATS NEW 


EDITED BY MARCELLE M. SOVIERO AND JUDITH ANNE YEAPLE 


Euro SST 


Messerschmitt-Bólkow-Blohm, the German aerospace company, is developing the 
hypersonic technology experimental vehicle, Hytex, to test design concepts for 
the Saenger two-stage-to-orbit space transportation system. The 7 5-foot- 
ww. long experimental craft will be powered by kerosene-burning 
turbofans operating at low speeds and hydrogen-burning 
ram-jets at high speeds (up to Mach 5.5). 


CAST-IRON 
COOK TOP 


The Euro-Burner is an alternative to 
conventional coil burners. Its flat, 

, round casHiron surface heats evenly, 
and the absence of coils makes 
spills easier to clean up. S & S 
Marketing, Box 2369, Wilkes-Barre 
PA 18703; less than $200 for a 
set of four. 


ZENDER 

Borrowing race-car construction 
techniques, Germany's Zender 
applies a lightweight carbon-fiber 
chassis and body to its prototype 
Fact 4 sports car. With a twin-turbo 
Audi V8 pushing 2,400 pounds of 
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automobile, the Fact 4 will reach | This iceberg lettuce tastes like its larger cousin, but grows only to the size of a 
60 mph in 4.3 seconds, quicker tennis ball. Scientists at the U.S.D.A. Research Station in Salinas, Calif, 

than Zender's earlier Vision 3 sports developed the petite vegetable by altering a growth-hormone-producing gene. 
cor ["Whar's New," May '88]. They say it should reach stores by 1993. 


The built-in scraper on Black & 
Decker's Heatworks High-Speed 
Paint Stripper lets you heat and 
scrape paint or varnish at the same 
time. The $45 device can be 
converted to a pistol-grip hot-air gun 
by rotating the handle and 
detaching the scraper. 


BLOCK THAT 
BLAST 


Using a propane torch for plumbing 
or electrical work can ignite old 
drywall studs ond wallboard. Torch 
Guard, a non-asbestos heat shield 
made of a synthetic woven cloth, 
protects against such damage 
because it resists temperatures up 
to 1,700 degrees F. The cloth can 
be folded or soaked in water for 
extra protection. Mill Rose Co., 
7995 Tyler Blvd., Mentor OH 
44060; $17 (9-by-12-inch), $21 
(12-inch square). 


ROBO 
CADDY 


The Follower-| robot caddy | 
carries your clubs for up to 
three hours on one battery 
charge. Attach the robot to 

your golf bag and activate it 

via a hand-held remote control. 

When your game is over, the 
12-pound robot folds for 

1 transport. Accomplishment 

NC. International Industry Co., 

E o 35A River Rd., North 

IN ex Arlington NJ 07032. 
Price: $988. 


WHAT PRICE 
PO : 

Priced at less than $25, 
Millennium Power System's One- 
Hour AA RapidCharger recharges 
two or four AA batteries at a time. 
Gates Energy Products of 
Gainesville, Flo., offers a lifetime 
replacement guarantee on its 
Millennium power cells and plans a 
recharger for later this year that 
handles all battery sizes. 


x 
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JERRY WACHTER 


Three beluga whales and six Atlantic 
bottlenose dolphins make their home 
in this 1.2 million-gallon pool at the 
National Aquarium in Baltimore. The 
pool's transparent walls were formed 
from five-inch-thick acrylic slabs 
bonded together in a special process 
that leaves no visible seams, allow- 
ing an unobstructed view through 
the world's largest acrylic window. 
The habitat is part of a $35 million 
addition to the aquarium. 
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THE BIG 
PICTURE 
Hitachi's home theater features a 
46-inch rear-projection TV with a 
hybrid lens made of plastic and 
glass. A dichroic lens coating filters 
out unwanted red light, improving 
the reproduction of green hues. The 
TV costs $3,000; the complete 
system is twice that and includes a 
VCR, a surround-sound decoder, a 
compact disc player, and speakers. 


The Mini Flush System saves two to 
five gallons of water per flush using 
the water in the holding tank to ex- 
ert pressure. After about two gallons 
of water are used, the flapper valve 
closes, preventing water from 
escaping the tank. The $16 device 
can be installed without tools. Mini 
Flush Co., 3960-K Prospect Ave., 
Yorba Linda CA 92686. 
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BEACH BUGGY 

The latest accessory from France for the beach-minded is Heuilez Automobile's 
wide-open buggy based on the four-wheeldrive Citröen AX. Doors are omitted 
in fovor of hinged side bars, and the headlights are protected from sand with 

pivoting shutters. The hydropneumafic suspension raises the body as much as 
12 inches for added ground clearance. 


| 


WHERE'S 
THE GREEN? 


Golfers never know where the 14th 
green lies on the course at the 
Coeur d'Alene Resort in Idaho. Each 
day the floating island is moved to 
one of 15 positions on the resort's 
lake. Built with 104 blocks of ex- 
panded polystyrene foam encased 
in concrete, the green has 7,500 
square feet of putting surface. 
Golfers tee off from shore and are 
shuttled to the green to putt out. 


The Versa-Pac truck cover, consisting 
of two reinforced double-hinged 
plastic panels, functions as a 
tonneau cover, bigtoad hauler, 
toolbox, and cargo rack. A camping 
tent ($99) and tarp ($99) are 
optional. Prices: from $454 to 
$554. Six-Pac Industries, Box 550, 
Winters CA 95694. 


TURNTABLE 
DRIVEWAY 
With this revolving driveway, you 
won't have to back up into traffic. 
Just push a button on the remote 
control and rotate your car. The 
revolving electronic deck is installed 
flush with the driveway. Hovair 
Systems, 1210 Andover Park E., 
Seattle WA 98188. Price: 
$30,000, including installation. 


RECORDER WATCH 


This voice-recording wristwatch for children has a speed-control 
dial that slows down or speeds up voices for special effects. 
The $50 battery-powered ChatterBox has unusually good 
recording quality, says Hammacher Schlemmer, Dept. 99108, 
Box 2549, Northbrook IL 60065-2549. 


Executives on the go should appre- 
ciate the LI-20 laptop portable 
printer. Weighing 5.3 pounds, the 
less-than-two-inch-high printer 
measures 14.6 by 11.3 inches. 
Graphic resolution is 360 by 180 
dots per inch. The Courier font and 
cutsheet feeder are standard on the 
24-pin printer. A rechargeable nickel- 
cadmium battery and eight ad- 
ditional fonts are optional. Seikosho 
America, 10 Industrial Ave., 
Mahwah NJ 07430. Price: $499. 


Aimed at professionals, IBM's P75 
transportable PC features a 33- 
megahertz 486 microprocessor, 
eight megabytes of memory, a 3.5- 
inch floppy drive, and a 160- or 
400-megabyte hard drive. IBM 
offers an optional whee-about 
travel case for its 22-pound PC. A 
10-inch plasma display delivers 

16 shades of orange. Prices 

start at $15,990. 


i 


F 


1 $ 
po OZONE OBSERVER 


Built by Aurora Flight Sciences Corp. in Alexandria, Va., for 
Harvard University researchers, Perseus is a prototype 
unmanned aircraft designed to measure stratospheric ozone 
over Antarctica in 1992. With a 59-foot wingspan and a 
battery-driven propeller, Perseus should reach 
altitudes of 82,000 feet. 


(7 
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From Russia with glasnost comes the 
Lada Samara San Remo convertible. 
A multinational effort, the Soviet- 
built hardtop was converted by a 
Belgian coach builder that reinforced 
the body and fitted a trunk lid to 
replace the rear hatch. A British 
convertible specialist finished the job 
with a fabric roof and folding frame 
that stow behind the back seat. The 
front-drive cor seats four and is the 
cheapest convertible in Europe. 
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Mowing the lawn doesn’t have to 
mean wrestling with a cranky 
engine, claims Tecumseh Products 
Co. Its latest Vector engines make 
routine maintenance work easy. In 
fact, the carburetor can be disas- 
sembled without tools for cleaning. 
The Vector engine will be available 
in both four- and five-hp versions. 


Porta-PC 


Slip Texas Instruments’ TravelMate 
3000 into your briefcase and tum 
on desktop computing power any- 
where. The 5.7-pound notebook PC 
has a 20-megahertz 386SX micro- 
processor, two megabytes of mem 
ory, a 3.5-inch floppy drive, and a 
20- or 40-megabyte hard drive. 
Prices: $5,499 (20 megabytes); 
$5,999 (40 megabytes). 


JET NOZZLE 
Future fighter aircraft, as well as 

existing planes, may get a boost | 

in maneuverobility, thanks to a 

new axisymmetric thrust-vectoring 

exhaust nozzle being developed 

by General Electric Aircraft 

Engines. The prototype nozzle, 

shown here during tests at | 
Edwards Air Force Base, provides 

13 degrees of pitch and yaw 

vectoring with the engine at 

maximum afterburner power. The 

tests will help engineers study the 

nozzle's durability and heat- 

transfer characteristics. 


SUN POWER pu 
Toyota's experimental RaRa II is the | 
first solar-powered car in Japan to 
get a license plate—authorizing its 
operation on the nation’s roadways. 
The single-seat open vehicle has a 
top speed of 27.5 mph and weighs 
463 pounds. A battery makes oper- 
ation possible in any weather. 


TOYOTA 
As jb fin IIT | 
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MOBILE 
SECURITY 

Two new portable alarms 
provide security for travelers. 
The small battery-operated 
systems activate an alarm 
when their infrared detectors sense 
body motion. The $40 Portaguard 
(right) doubles as a night light. Exec- 
utive Travelware, Box 59387, Chicago 
IL 60659. The Model A-7200 (inset) 
from Bright Image Corp. (4413 Roos- 
evelt Rd., Hillside IL 60162) is $20. 


Fly over your house in a Boeing | ! T 
747-400 with Microsoft Flight THE DARK 
Simulator Aircraft & Scenery Fujinon Inc.'s Marine Night Viewer 
Designer, available for the Microsoft vision scope uses a hybrid image 


Flight Simulator version 4.0. The intensifier that amplifies light more 
software lets you create scenery, |. than 300 times. The result is a 
choose from an expanded fleet of brighter, clearer electronic 
aircraft, and modify experimental image. The battery- 
aircraft. Microsoft Corp., One powered scope has a 1:1 
Microsoft Way, Redmond WA image with a 40-degree 
98052-6399. Price: $40. field of view. Fujinon 

Inc., 10 High Point Dr., 

Wayne NJ 07470. 

Price: $2,296. 
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The BathEase walk-in bathtub makes 
bathing easier for the elderly or 
handicapped. Its patented watertight 
door opens inward; when it’s closed, 
the water pressure creates a tight 
seal. An internal lock helps prevent 
leaks. BathEase, Inc., 111 Parker 
St., Suite 302, Tampa FL 33606. 


A combination sled and ski provides 
fast downhill fun, says ProX Ski, Inc. 
Just sit back, grip the seat handles, 
and put your legs out in front of you 
to help steer and brake. The six- 
pound ski detaches from its seat 

for transport and storage. ProX Ski, 
Inc., 395 Swope Rd., Bethel PA 
19507; $145. 


RIGHT-ANGIE SUNN Ear 


ANCHOR Volvo offers a builtin child safety 


The Toulon 2005 Corner Camclamp seat in its 1991 960/940 model 


has two rotating cams, or arms, that sedans. When the seat isn't 
wedge and hold a workpiece’s right- needed, it folds into a standard 
angle corner. Winner of a British back-seat armrest. Volvo Car Corp., 
engineering award, the $12 device 5-405 08, Gothenburg, Sweden. 


has six positioning holes to accom 
modate workpieces of different 

widths. Tech Rep and Associates, 
Box 12389, Beaumont TX 
71706. | 


— 
THINK THIN 


Bang & Olufsen designed this 26-inch television with a slim silhouette. The 
award-winning TV is part of the Video System 5500, which includes a VCR, a 
stand that rotates to the right or left, and a two-way remote-control unit with o 
liquid-crystal display. The remote control lets you watch TV and program the VCR 
to tape another show without interrupting your viewing. The TV with remote 
control costs $2,500; the entire system is $5,100. 
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b The editors of Petersens 
- ^ 4-Wheel Magazine 
named Dodge Dakota 
4x4 of the Year" 


They punished it. They tortured it. They 
tried it on the rocks. And even mixed it 
with mud. But no matter what they did 
to it, the new mid-size Dodge Dakota V-8 
came back for more. And walked off with 
Petersens 4-Wheel "4x4 of the Year" award. 
The power behind its winning ways is a 
potent new avail- 

able 5.2 liter V-8. 

With 170 hp, it's 
got the muscle 
to take this 


Americas most 
wondrous places. 


Dakotas available new V-8 packs 
the power a 4x4 of the Year needs 


A four day four-wheel 
drive torture test. 

The road to victory took 
Dakota over 575 miles of 


4x4 to some ot 


every kind of surface 4-Wheel could find. 
[n every case, Dakotas new V-8 pulled it 
through. In fact, the editors said Dakota's 
"major muscle made it a runaway. They 
gave high marks to its easy shift-on-the-tly 
capabilities. Its outstanding acceleration and 
traction. The way its responsive suspension 
handled everything trom asphalt to gravel 


comfortably. And summed up by calling the 


new Dakota V-8 "the best all-around new 
4x4 of the 91 model year” 


i dur LAE "e Ve a das TET : 
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Dodge Dakota 4X4 V-O 


ts the k 


Dakota shows the world what 
a winning 4x4 is made of. 


It should come as no surprise that 
Dakotas bold new styling also came in 
for some well-deserved critical 
approval. 


Aero 


they could do 


The editors called it "sexy and styled like 
a sports car. They also gave top marks for 
its generous standard cargo capacity. And 
with up to 
2,000 lbs of 


TT E | a Away j f | PUT Fi r 
The new Dakota 4x4 Club Cab lets vou enjoy o 


etting you take more off-road 


ff-roading more by 


available cargo and 6,500 Ibs of available 
towing capacity, Dakota can offer you even 
more of a good thing. Yet its one-of- 
a-kind mid-size helps it maneuver 
all of these good things into 
tight places. Anywhere 
vou find them. 
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a Te EE 
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” Welcome E Home, rm 


NI Dodge. 


Now the "4x4 of the Year" 


has its own exclusive Club. 
Introducing the new Dakota 4x4 Club 


Cab. Now when you go off-road, you'll be 
able to take more with you. Whether it's 
people or all those other things vou just 
need to keep secure inside. 


Welcome home to Dodge. 


The new Dodge Dakota V-8. It's 4-Wheel 
magazines 1991 “4x4 of the Year. And 
with its unbeatable 7/70 powertrain 
warranty protection, chances are a new 
Dakota V-8 could be your 4x4 of the year 
for many years to come? Making the Dakota 

V-8 4x4 one award-winning reason 
to come home to Dodge this year. 


*See this limited warranty and its restrictions 


a at your dealer 
ED BUY OR LEASE AT YOUR DODGE DEALE 
Buckle up for safety 
Dodge reminds you to "Tread Li ight tly! 


phen you go off -rodd 


E 


No WIND? NO PROBLEM 


BEN KOCIVAR 


The twin hull on the XS Fun sail board mokes it more stable thon single-hull wind 
surfers, so people of all ages and abilities can sail the craft, daims XS 
International. If there's no wind, an optional rowing attachment helps sailors get 
to shore. The price for the complete XS Fun is $1,395; the hull only is $1,050. 
XS International, 156 E. 84th St. S.W., Byron Center MI 49315. 
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This patio table and umbrella are a 
satellite dish in disguise. Called 
Under Cover, the dish eliminates a 
backyard eyesore and complies with 
code restrictions in some areas. Six 
patterns are available. Prices range 
from $3,000 to $5,000. Under 
Cover, 83-616 Ave. 45, Suite 7, 
Indio CA 92201. 


The Pocket PDR contains the entire 
text of the Physicians’ Desk 
Reference. By typing the first few 
letters of a drug’s brand or generic 
name on the keyboard, you can call 
up dosage and warning information 
for 1,500 prescription drugs. PDR, 
Oradell NJ 07649; $249. 


OVER THE 
RAINBOW 


Children at the C. S. Mott Children's 
Hospital in Ann Arbor, Mich., sleep 
with rainbows. The Rainbow Light, o 
fourinch AC-compatible cube, 
projects a rainbow onto any surface 
to comfort both the young and old. | 
Rainbow Light Co., Box 138, | 
Birmingham MI 48009; $40. 


When oxygen seeps into bottled 
beer, it can alter the flavor. 
Aquanautics Corp.'s SmartCap 
Barrier crown, an oxygen-grabbing 
lining now being sold to bottlers, 
con add a month or more to beer's 
shelf life [" Artificial Gill,” April 
'89], says the Alameda, California 
based manufacturer. 


Introducing 


Now, from the originators of 
mulching mower technology, 

a completely new generation 

of Bolens One-Step Mulching 
Mowers including... 

America’s Only Lawn 
Tractor With One-Step GRS 
Mulching Capability! 

Bolens 1991 Lawn Tractor line-up 
features a revolutionary new One-Step 
Mulching System. It’s an innovative 
attachment that lets you mow, fertilize... 
and practically eliminate grass clippings 


in one easy step. No bagging...no raking... 


no clean-up PERIOD! 

Plus... With new GRS (Grass Reduc- 
tion System) technology our unique 
mulching deck cuts and recuts grass 


clippings so finely they're easily returned f 


to your soil as FREE fertilizer! 


A Complete Family 
Of Bolens One-Step 
Mulching Mowers. 


Now you can choose from 
a complete family of Bolens 
One-Step Mulching Mowers... 
including the original and still 
America’s #1 selling walk-behind 
mulching mower. With a dedicated 
mulching mower deck, it’s by far 
the best performing mulching 
mower available. 


r, 
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So, discover Bolens One-Step Mulch- 
ing Advantage for yourself...call for your 
FREE Catalog TODAY! 


CALL TOLL-FREE 
1-800-776-5800 


[— — — — — (or mail this coupon) =- — — — — 

| Bolens 102nd St. & 9th Ave, Troy, NY 12180 | 

| YES! Please rush complete details on the whole | 
family of Bolens One-Step Mulching Mowers... 

| including the revolutionary GRS Mulching 

| attachment... TODAY! A3182 372 


e 1991 Garden Way Inc. 
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ence Newsfront 


The white bond above Saturn’s rings is a glant storm of douds laden with ammonia ie crystals. 


White storm on Saturn 


On Sept. 24, 1990, amateur astron- 
omers discovered a colossal white spot 
near the equator of the planet Saturn. 
Larger than Earth, the spot was 
spreading rapidly. Toward the end of 
November, it had grown to a strip 
6,000 miles wide—larger than Jup- 
iter’s Great Red Spot. : 

Not since 1933 had astronomers ob- 
served a storm of such intensity in 
Saturn’s atmosphere. Using the Wide 
Field Planetary Camera on the mis- 
shapen but functional Hubble Space 
Telescope, NASA photographed Sat- 
urn in November, producing hundreds 
of astonishing pictures that will be 
stitched together to make a time- 
lapse movie showing the giant storm 
whipping around the ringed planet at 
1,000 mph. 

Scientists don’t know exactly what 
caused the storm. They say heat in 
the planet’s fluid interior builds up, 
forcing out bubbles of gas that rise in- 
to the cloud layer, like bubbles rising 
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in a pot of boiling water. The bubbles 
contain more ammonia than the nor- 
mally transparent clouds, so they 
cause condensation. 

“The mystery is why [the gases] 
don’t continuously bubble in a back- 
burner way,” says Andrew Ingersoll, a 
planetary scientist at the California 
Institute of Technology in Pasadena. 
Instead, the gases seem to burst forth 
suddenly and intermittently. “It’s 
more like a pressure cooker,” says In- 
gersoll. That raises a question: 
^Where's the lid?" 


Lethal legacy 


After almost 20 years of detective 
work, scientists recently uncovered 
an important clue as to why cancer 
seems to run in certain families. The 
finding is the first to show without a 
doubt that a tendency to develop can- 
cer can be inherited. 

Since 1968, Dr. Frederick Li had 
been looking for a group of families in 
which many relatives developed can- 


OOOO 


cers of the breast, brain, or lung by 
early adulthood. By last year, he and 
other scientists had located 100 of 
them worldwide. “We figured these 
families had bad luck or bad genes,” 
says Li, who conducts his research at 
the Dana-Farber Cancer Institute in 
Boston. “Now we know it’s the genes.” 

The breakthrough that helped solve 
Li’s mystery came in 1989, when sci- 
entists elsewhere found that tissue 
extracted from cancerous colon tu- 
mors contained defective versions of a 


| gene called p53 [“Thwarting Cancer 
| Before It Strikes,” Sept. 90]. Within 
| months, other scientists found that 


cancers of the brain, lung, breast, and 
bone also had abnormal versions of | 
this gene. 

The scientists soon realized that 
p53 was one of several newly identi- 
fied genes called tumor suppressors. 
In their normal form, these genes con- 
trol cell growth. If the genes are 
somehow damaged, perhaps by an en- 
vironmental agent, cells normally un- 
der the genes' control grow wildly into 
a malignant tumor. 

In the new research, Li and his col- 
leagues sifted through the genetic 
material of family members and 
found that many relatives were born 
with defective versions of this same 
gene. People inherit two copies of ev- 
ery gene, one from each parent, and 
cancer only occurs when both copies 
of the p53 gene in a cell somehow be- 
come damaged. The scientists discov- 
ered that people born with one bad | 
copy of the gene were at high risk of 
cancer. 

Scientists now think other families 
may pass along defective versions of 
the p53 gene. If that's true, doctors 
may someday be able to test people's 
blood and determine if they are born 
at risk. If so, they could be closely 
monitored throughout their lives and - 
advised to avoid high-fat diets and 
smoking, potential cancer-causing ac- 
tivities.—Michael Waldholz 


Wind power now provides less than 
one percent of the electricity used in 
the United States. But it has a "real- 
istic" potential of providing 20 percent 
of the nation's electricity within 20 to 
30 years, according to a recent study 
by the Department of Energy's Pacific 
Northwest Laboratory in Richland, 
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po commoner the 500th anniversary of Christopher Columbus's: voyage, the World 
. Space Foundation, a nonprofit research group in South Pasadena, Calif., plans to 
send a solar-sailing spaceship to Mars in late 1992. The project's sail is a square 
Ay sheet of aluminized plastic, about 175 feet on a side and ‘40,000 inch thick. "It's a 
mirror," expl ains Emerson H. LaBombard, director of the solar sail project. "The light hits the 
sail and bounces back, pushing it along. As long as it’s exposed to sunlight, it will continue 
to accelerate.” 
The square design—vying with a variety of other shapes pictured on this page—won a 
competition sponsored by the Christopher Columbus Quincentenary Jubilee Commission. But 
the Commission isn’t providing funds for the project. Building the sail will cost at least $6.5 . 
million, LaBombard estimates. To help cut launch costs, the Foundation has teamed up with 
European and Japanese solar-sail researchers who have more modest ambitions: a race to 
the moon. The three contenders are petitioning for a ride on Europe's Ariane rocket. "All three 
of us are going to be bolted together,” says LaBombard. After the package is released, a _ 
smaller rocket attached to the American sail will boost the trio into a higher orbit. There the 
sails will separate, unfurl, and begin a race to the moon. When that race ends, the American - 
sail will continue on to Mars, a trip expected to take about three years. | 
The American sail will carry video and communications equipment, but its designers : RN" | 
haven't planned any fancy experiments. “We simply want to demonstrate that this technology | Wy HEXAGON 
is a reasonable propulsion system for interplanetary travel," LaBombard says. Solar sails will p) OW eye 
never be fast enough to transport humans, but they could eventually be used as freighters to — Tice 
carry supplies and fuel to Mars in preparation for a manned landing.—Dawn Stover 
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The first offshore windmill has a 75-foot-diameter rotor 123 feet above — 
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angular base extend 16 feet below the water to massive concrete pads resting on the sea floor. 


Wash. And with improved turbine 


technology, wind energy could theo- | 
| retically meet all of the country’s elec- | 


trical needs. 

One big problem with wind energy 
is its unpredictability. At low wind 
speeds, a windmill can be inefficient; 
at high speeds, it can be damaged. 
U.S. Windpower in Livermore, Calif., 
claims to have solved this problem by 
building a variable-speed turbine. Sev- 
eral utilities have formed a consor- 
tium to help the company develop and 
test the machine, which has an elec- 
tronically controlled gearbox. 

Another approach is to install tur- 
bines in places where the wind blows 
| steadily. The plains of North Dakota 


would be ideal for ^wind farms," the | 


| federal study reported. 

In Denmark and Sweden, energy 
| planners are developing offshore wind 
farms to harness sea breezes, which 
are stronger and more consistent 
than inland winds. Offshore genera- 
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tors are more expensive to build and 
maintain than land-based turbines, 
but they're immune to the public's 


| complaints that windmills are both 


noisy and unsightly. 

The world's first offshore wind gen- 
erator is in Swedish waters, 275 
yards off the southern coast. The 220- 
kilowatt pilot rig will be on trial for 
five years, closely monitored for its 
performance and reliability as well as 


its effects on marine ecology and ra- 


dar traffic control. If the first turbine 
does well, another 97—grouped in 
seven wind farms—could be con- 
structed along a six-mile stretch of 
the Baltic coastline. Sweden's energy 
authorities figure that 60 of these 
farms could ultimately replace the 
country's 12 nuclear power plants. 

Manufactured in Denmark, the ex- 
perimental windmill was assembled 
and tested at a naval dry dock in 
Karlskrona. For the launch, the dry 
dock was slowly flooded. A massive 
barge slid under the triangular base, 
lifting the 400-ton rig off the ground 
as the water rose. The barge was then 
towed 60 miles along the coast to the 
prepared site, where the rig was 
eased onto a concrete foundation and 
firmly secured.—David Scott 


Glowing sticks and cubes that don’t | 


require electricity may eventually be 
used to light remote landing strips or 
power space probes. Developed at 
Sandia National Laboratories in Albu- 
querque, N.M., the lights contain tri- 
tium gas, which emits light as a result 
of radioactive decay. In conventional 
radioluminescent lights, the tritium is 
sealed in a glass tube coated on the in- 


| | side with phosphor. But in the new 


lights, tritium is chemically bound in 
a solid material. The solid-state light 
is up to 10 times brighter and lasts 
longer than a gas-filled tube, accord- 
ing to Sandia engineers. 

In some versions of the new light, 
tritium and organic dyes are dis- 
solved in a transparent plastic matrix 


that binds tritium tightly, making the | 


lights safer than breakable tubes. 
“You could put a bullet through them, 
and only the bullet hole itself would 
go dark,” says Sandia researcher Clif- 
ford L. Renschler. 

Sandia scientists have also made 
inorganic lights by incorporating tri- 
tium in an extremely porous material 
called aerogel. Radioactive particles 
emitted by the tritium strike phos- 


from plastic impregnated with tritium, these are the first completely organic radioluminescent 
lights. The radioactive tritium emits partides that excite plastic molecules, which give off energy. 


The Research Service's stick 
lures boll weevils to their death using up to 100 
times less insecticide than spray applications. 


phor particles dispersed in the aero- 
gel, producing light. The color of the 
light depends on the phosphor cho- 
sen. Because the density of tritium in 
the aerogel is higher than in tritium 
gas, the light is brighter. 

. "Whats driving our inorganic pro- 


| gram,” says Sandia researcher Robert 


J. Walko, “is the desire not so much 
for a bright light itself but for a bright 
light to make a power source." Walko 
and his colleagues want to create a 
“slowing sugar cube" and surround it 
with solar cells that will convert the 
light to electricity. Because tritium 
decays slowly, the cube could act like 
a battery, providing energy for 20 
years or more. 


Carry a big stick 


Bait sticks standing guard over test 
plots in Texas and Mississippi may 
help reduce the amount of insecticide 
that is needed to control boll weevils, 


| small beetles that do damage to cotton 


fields. 

To make the bait sticks, scientists 
at the U.S. Department of Agricul- 
ture's Boll Weevil Laboratory in 
Starkville, Miss., attach plastic caps 
to factory-reject broomsticks. Weevils 
chew on the caps, ingesting a lethal 
chemical called cyfluthrin. The caps 
are lime green, a color that attracts 
weevils, and they contain stimulants 
that tempt weevils with the promise 


| .of food and sex. A coating painted on 


the stick contains some of the same 

ingredients in a formulation that 

doesn't wash off in the rain. 
Researchers place the sticks in cot- 


ton fields, using one to four sticks per 
acre. The cap on each stick contains 
only one gram of insecticide, and the 
sticks don't have to be replaced for at 
least four weeks. Cotton growers, who 


typically spray their fields weekly, use 
up to 100 times more insecticide dur- 
ing the same period, says entomolo- 
gist Gerald H. McKibben, who devel- 
oped the stick. 

During two years of testing, re- 
searchers attached aluminum pans to 
some of the sticks to catch dead wee- 


pacts 


PASSPORT - 


vils for later counting. The results are 
encouraging. 

“Our bait stick costs only about one 
dollar to manufacture,” according to 
McKibben. “That means it could be a 
viable alternative to control a pest 
that costs more than $300 million 
annually in crop losses and chemical 
control.” The Boll Weevil Laboratory 


| has signed agreements with two com- 


panies, Ciba-Geigy Corp. and Mobay 
Corp., to develop a product for com- 
mercial use. 


Pocket-size radar protection 


Over one million motorists depend 
on PASSPORT every day. Here's why: 


| Small size, high tech 


The first pocket-size high per- 
formance radar detector, PASSPORT 
fits vour pocket as easily as a 
cassette tape. This miniaturization is 
only possible with SMDs. These 
micro-electronics, first used in 
satellites, provide performance that 
has consistently won the praise of 
automotive experts. 


Experts’ choice 


"Cincinnati Microwave s famous 
Passport is still a terrific all-around 
radar detector You wont go wrong 
with the Passport s robust construc 
tion, superb ergonomics, excellent 
bracketry, well-thought-out audible 
warnings, and deserved reputation." 
Car and Driver, October 1989 
“Over the years, this detector bas 
consistently placed at the top. The 


PASSPORT sets the industry standard.” 


BMW Roundel, October 1989 


Small size, big guarantee | 


We only sell PASSPORT factory- 
direct to vou — just call toll-free and 
we'll send your PASSPORT today, 
complete with accessories. 

Here's our guarantee: Take the 
first 30 davs as a test. If vou re not 
completelv satisfied, just send 
PASSPORT back, and we'll refund all 
your money. You can t lose. 

Call today and see why a million 
drivers put their trust in PASSPORT. 


Order today and try PASSPORT 
for 30 days at no risk. 
Call toll-free 1-800-543-1608 
Fas mE | ce arta 


PASSPORT $195 
RADAR*RECETVER ohio residens 


add $1075 tax 


Cincinnati Microwave 
> Department 201631 
One Microwave Plaza 
Cincinnati, Ohio 45249 


& 1050 CMI 
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* 100 horsepower. 


* 230 lbs.-ft. of standard torque. 


* Shift-on-the-fly Insta-Trac. " 


The light bar on S-10 Baja is not a roll bar 
The support will not protect you in an a 


Oogmwes i 


Lets ve it together. LUE up 


SORE. the ‘Ghevrolet emblem ana’S-10. are registered tademaks and chee 
E ies 100; SINE Corp. All Rights Reserved. See your Chevrolet deater for 


Chevy S-10 Baja 4x4, 4.3L V6. The biggest engine in a compact pickup. \t’s another 
reason more truck owners switched to Chevy last year than to any other truck* Chevy S-10 Baja 
4x4. Winning the hearts and minds of bona fide off-road enthusiasts. With more standard 
horsepower than Ford. More standard torque. Anytime you buckle in, it’s a rush. 


More People Are Winning With -$ & 7: of America. TODAY'S TRUCK IS CHEVROLET. 


We're Talking QUALITY 


Radio Shack's Dependable Performance and Great Value 
Make It Easy to Choose the Cellular Phone Right for You. 


pape tig 
Mrd 


When You're Always On the Go, Full-Power Portable —Use It in Low-Cost Mobile Cellular Phone 
Choose This Handheld Portable Your Car or Carry It With You for Family or Business Use 
The CT-301 puts the whole world The versatile CT-1033 requires no A small price to pay for your family’s 
in your hand! Make and take calls installation—just plug into cigarette safety and well being while on the 
wherever you go—from car to a lighter. Includes carry case, battery road. If help is needed, the police, a 
meeting to the airport. Fits easily in and antenna for "grab and go" con- tow truck or medical assistance is 
your briefcase—only 11/2" wide and venience when at the golf course or just an in-car phone call away. In- 
28 oz. light. Talk for over an hour on job site. The 3-watt output is five cludes full-duplex handsfree, dual 
a single battery charge. Recharges times that of many portables. With NAM to save roaming charges and 
fast! 417-1050 charging accessories. 1417-1006 | 30-number memory. #17-1076 
CREATING NEW STANDARDS MHOGO J IICLIP 
PROVEN LEADERSHIP GUARANTEED SATISFACTION y. £g 

Over 7,000 USA locations, 39,000 employ- We sell zs. Sly ar phone sis men MERI CA C] 

388, h and devel n- illio: t rs it a i 

b teneo cord lli m TECHNOLOGY 


plants—NOBODY COMPARES! NOBODY COMPARES! E STO JJ E SM 
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Automotive Newsfront 


Edited by DAN McCOSH 


General Motors’ ASIS van is a rolling test bed that compiles data about what a variety of sensors, in- 
cluding radar and laser ranging, can “see” on the highway. 


AC GENERATOR 


LATERAL ACCELEROMETER 


OPERATOR'S CONTROL TERMINAL 


e 


INSTRUMENT RACK 
COLOR TV MONITOR 


Extrasensory motoring 


Some California motorists have been 
startled recently by what appears to 


be a platform for a TV news confer- | 


ence coming down the road. One thing 
is for sure about the van, bristling 
with cameralike devices mounted on 
an overhanging lip: By the time 
drivers see it, it’s already seen them. 
Developed in a joint venture be- 
tween Hughes Aircraft and the Gener- 
al Motors Advanced Engineering staff, 


____ ss Anm 


AIR COMPRESSOR 
MILLIMETER-WAVE RADAR SCANNER 
RADAR AZIMUTH SENSOR | 


STEERING SENSOR 


LASER RANGE FINDER 
the Automotive Sensor Instrumenta- 
tion System (ASIS) van is a rolling 
test bed of sensory apparatus, ranging 
from accelerometers and scanners to 
radar and lasers. 

The experimental van’s purpose is 
to gather information on the future of 
high-tech sensory apparatus in cars. 
Hughes Aircraft is a repository of such 
systems. Most of them were developed 
for combat in marginal visibility ar- 
eas. Since GM bought Hughes in 
1985, a new department has been set 


up to study so-called transfer technol- 


ogy, research originally intended for | 


aerospace applications that might be 
adapted for the family car. One of the 
areas being studied, new vision sys- 
tems, shows considerable promise. 


Auto engineers are interested in ex- | 


panding the sensory apparatus of cars 


| to improve safety, hoping to counter | 
| the effects of the increasing age of the | 


average driver. An electronic early- 
warning system could prove worth- 


while for older drivers with reduced 


night vision and slower reflexes. And 
all drivers could benefit from a foul- 
weather driving aid that doesn't de- 
pend on sight. 

But what a sensory system “sees” 
isn't necessarily what the driver needs 
to know: The system can register any- 


thing from a dog crossing the road to a | 


tree on a front lawn. To get on-road ex- 
perience, Hughes concocted the ASIS 
van. The array of cameralike devices 
hanging on the front includes radar, a 
laser range finder, and two conven- 
tional television cameras. The vehicle 
itself has sensors that measure lateral 
acceleration, speed, steering-wheel 
angle, and brake pressure. 

When the ASIS van hits the high- 
way, it gathers. a steady stream of 
data from all the sensors, compiling a 
view of the road as seen by radar, 
laser, or normal vision. The multiple 
inputs can be compared and analyzed 
later for instances where, for example, 
the radar image might ring false. 


When viewed on TV monitors, each | 


system supplies its own version of re- 
ality. The laser sensor, for example, 
shows an object changing color as it 
gets closer. Radar provides obstacle 
detection in the dark and through fog. 
In another demonstration also under 
study, infrared receivers reveal a ghost- 
ly white image of any source of heat. 
Radar devices and infrared sensors 


.| are key components of the proposed 


intelligent-vehicle highway systems 
that are being studied as a way to re- 
duce traffic congestion. The idea is to 
achieve better coordination of speeds 
and closer vehicle spacing, effectively 
increasing the capacity of a road. 
More-mundane applications are 


likely soon. GM already has demon- | 


strated an obstacle-detection system 
that responds to a nearby automobile 
or person at the rear or in a blind spot 
with a series of loud beeps that be- 
come more frequent as the object gets 
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NOTHING CAN HELP 
YOU TAKE CONTROL 
OF ALL THE DETAILS 
OF YOUR BUSY LIFE £ 


LIKE THE WIZARD” fem 


AND ZQ SERIES = 


ELECTRONIC ORGANIZERS 


FROM SHARP 


INTRODUCING THE 
WIZARD' 8000. 


The OZ-8000 is a powerful yet 
uncomplicated computer that fits 
in the palm of your hand. Our 
new “Help” key provides step-by- 
step instructions for each function. 
Eleven built-in features include a 
Text Outliner and Business Card 
File. A raised keyboard and 40 
character, 8 line display make it 
easy to enter, sort, and retrieve 
information quickly. You can even 
back up your data in seconds on 
an optional memory card. 


THE POWER TO ORGANIZE | 
BG. BUSINESS AND PERSONAL LIFE. 


q 


<a 


ZQ-2000 
142 Character x 4 
lingdisplay. 


MORE SOFTWARE. 
MORE FUNCTIONS. 
All Wizard and ZQ series 
electronicorganizers come with a 
complete array of built-in functions. 
With the OZ-7000 and 8000 series, 
you can also expand both 
applications and memory with 
Sharp's extensive library of option- 
al software cards. Create a 
spreadsheet. Calcu- 
late loan payments. 
Track your expenses. VEM 
Even senda fax directly WIEES 
from your Wizard. pm 


And through Sharp's patented 
touch-screen technology, each 
card has its own custom keyboard 
for easy operation. 
= | This symbol indicates soft- 
ware expandability. 


THE PC CONNECTION. 


The Wizard can be a portable 
extension of your home or office 
BE computer. With optional 
Lo» PC-link software and 
cable, you can swap files 
with any IBM" compatible 
or Macintosh® computer. 


ZQ-2200 
12 Character x 4 
line display. 


And an optional modem sends 
and receives data right over the 
phone lines. 
This symbol indicates PC-link 
Capability. 
For a free brochure on Sharp's Wizard 
or ZQ series electronic organizers, 
or for the store nearest you, 
call 1-800-321-8877. In Canada call 
1-416-890-2100. 


FROM SHARP MINDS 
COME SHARP PRODUCTS" 


Automotive Newsfront 


a Continental Tire Continental Tire’s AquaContact has 

ES " ; 1 

ij E: Co.'s twin-tread two narrow treads on a single carcass 
tire is designed to separated by a wide central groove | 
channel water that speeds water drainage from both 
away quickly sides. Because of a rounded contour, 
through a wide cen- each tread half is said to slice through 
tral tread, thus min- surface water like the bow of a ship, 
imizi lani displacing a larger volume of water 


the than a comparable low-profile tire 


mr m ia that must disperse it over a wider 
nemis ora wide, | front. The twin treads make the 


drainage paths half as long as conven- 
tional tires’, while the tread pattern 
increases the dispersal rate. Instead 
of the usual blocks, it has a symmetri- 
cal pattern of curved diagonal bars 
ÁBp" ppm shaped to pump water away from the 
(m mre P rounded centers, enhancing wet grip. 

a : NE There are some snags. It's direction- 
al for left- and right-side mounting, so 
the spare can be a problem. The price 
in Europe will be a bit higher than that 
of today's premium tires.—JDauvid Scott 


Elite El | 
ire cian | 


The challenge to extract maximum 

performance out of a car of minimum | 
weight and horsepower has led engi- | 
neers at Lotus into uncharted territo- | 


low profile. 


ATES 
pi 


fore [“Revolutionary New tires,” May 
'84], Continental’s design is different 
in that the new tire can be fitted to a 


closer, Radar-actuated braking has 
been tested, and radar-operated 
cruise control is anticipated within 


the next few years. 


Tread for two 


Germany's Continental Tire Co. has 
introduced a twin-tread tire that it 
claims combines the dry-grip and ride 
. benefits of fat, low-profile radials with 
| the water-slicing ability of old-fash- 
ioned skinny ones. While the twin- 
tread concept has made the rounds be- 


1.6-LITER TURBOCHARGED FOUR 


conventional wheel. 

Low-profile tires won general accep- 
tance after demonstrating improved 
handling characteristics as well as eye 
appeal, but their wide contact patch 
on the road makes them vulnerable to 
aquaplaning, despite some success 
with special tread patterns and en- 
larged water drainage channels be- 
tween tread blocks. Increased road 
noise and wear is often the trade-off. 


ALUMINUM WINDSHIELD HOOP 
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FRONT SUSPENSION RAFT 


ry over the years. The result is gen- 
uine advances, including one of the 
first uses of structural fiberglass, one | 
of the original monocoque-construc- | 
tion race cars, and the now-classic | 
backbone chassis, consisting of a main | 
central structural member with sus- | 
pension arms jutting from each end. 
The new Lotus Elan, which will be 
introduced in the United States this 
spring, brings back some strong | 


STEEL BACKBONE CHASSIS 


MOUNTS FOR REINFORCED FLOOR PANELS 


Lotus retains 
the familiar back- 
bone chassis for the Elan. 


If you think you have 
to pay full price to get 
full, rich flavor, here's 
a chance to prove 
yourself wrong. Take 
advantage of the 
Bucks two free pack 
Offer. Just return the 
postage-paid reply 
card. There is one 
catch. We need your 
zip code. 


Full rich flavor, 
not full price. 


If reply card is missing, we'll send you one if you send your 


name and address to: 


Free Bucks Cigarette Offer 


PO. Box 6310 


Broadview, IL 60153 


e Philip Morris Inc. 1991 


This is not a cash offering. 


Mfr's. suggested retail price. 


SURGEON GENERAL'S WARNING: Cigarette 


Smoke Contains Carbon Monoxide. 


Kings Lights: 11 mg "tar, 0.7 mg 
nicotine — Kings: 14 mg ‘tar, 1.0 mg nicotine 
av. per cigarette by FTC method. 


By participating in this offer, you certify you are a smoker 21 years of age or 
older. Offer expires 3/31/91 or while supplies last and is limited to smokers 21 
years of age or older. Void in Minnesota, Utah, lowa, and where otherwise 
prohibited by law. Limit one offer per household. 


| arms allow a slight toe-out of the rear | 


“Automotive Newsfront 


| echoes of the past, despite a radical | 


departure in the switch to front-wheel | § 


drive and a transverse engine mount- 
ing. The steel backbone chassis is still 
in use on the new car, and it still 


works. The deep central rib of the 


backbone makes a mighty hump be- 
tween the driver and the passenger, 
but it has been considerably stiffened 


with a reinforced floor section that im- | 


proves torsional rigidity. 
The turbocharged 1.6-liter four- 
cylinder in the Elan is built by Isuzu, 


retuned by Lotus, and fitted with en- | 
gine mounts that effectively isolate | 


the harshness of a motor that’s been 
long maligned for its roughness. One 
hundred sixty-two hp at 6,600 rpm 
launches the car to 60 mph in the mid- 
six-second range. 

Suspension basics are traditional 
Elan fittings, with wishbones in the 
front and rear, both employing long 
arms that are made possible by the 
narrow, centrally located backbone 
chassis. But it is the tuning, not the ba- 
sic layout, that matters. The rear axle, 
for example, steers slightly in hard cor- 
ners. Unlike most contemporary cars 
that provoke toe-in under load, tuned 
bushings at the base of the suspension 


| wheels under lateral loading. 


It's a risky way to control the transi- 


tion from understeer to oversteer of- | 
ten seen on front-wheel-drive cars, be- | 


cause theoretically it could provoke 
quick oversteer and a spin. The proof 


is on the track, where the handling is | 


| nearly perfectly neutral and it's easy 


to recover from moderate excesses. 


Given the high-speed ability of the | 


car, the ride is surprisingly supple— 
another benefit of the long travel sus- 


| pension arms. Up front, the wish- 
bones are tied to floating subframes | 


known as “rafts” that enable the use 
of stiff suspension bushings for accu- 
rate handling without transmitting 
road noise into the passenger com- 


| partment. The brakes are strong, with 


a double-acting proportioning valve 
that dumps rear brake pressure in 
stages. Antilock brakes are being de- 
veloped. To meet safety regulations in 
the United States, Lotus added an air 
bag, additional honeycomb structure 
to the front to meet front-impact re- 


| quirements, and 16-inch wheels that 


mount a 205/45 tire developed for the 
car by Goodyear that may have the 
lowest sidewall height on any produc- 
tion car. The tires use a spiral-wound 
belt rather than a flat, overlapping 
tread reinforcement, a system that of- 
fers a smoother belt. 

Lotus plans to sell the Elan for 
about $40,000. 
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THRILLER THREES 


BMW's all-new 325i packages advanced 
technology—including a thinking man's 
five-speed automatic transmission—in a 
fresh, beautiful skin. The 325i is a longer, 
wider, and taller car (and rides on a wheel- 
base 5.1 inches longer) than the 318i and 
318is models, which will continue to be 
sold in the present body style. The shell 
was redesigned structurally, 
stiffened by the use of larg- 
er but fewer body panels 
with fewer welds, plus front 


Power for the 325i is supplied by the 192- 


| horsepower 24-valve in-line six-cylinder 


that's also used in the current 5-Series, but 
the transmissions have been revised. The 
intriguing new automatic features three 
electronically controlled shift modes: In the 
sport mode, fifth gear is locked out until the 


Clean-air gas proves elusive 


Gasoline reformulated to reduce auto 


exhaust emissions is proving to be a | 


mixed blessing, according to a study 
underwritten by the three major U.S. 
auto makers and 14 oil companies. 
While reformulated gasolines offer 
impressive results in reducing some 
types of emissions for vehicles of a 
particular age, their net benefits may 
be offset by increases in pollutants 
from cars manufactured earlier or lat- 
er. For example, some of the reformu- 
lated gasolines tested have been 
blended with the content of aromatic- 
class chemicals reduced to 20 percent 
from the normal 45 percent level. In 
newer cars, this has been shown to 
lower the output of unburned hydro- 
carbons (HC) by about six percent, but 
when tested in 1983 to '85 cars, HC 
levels rose 10 percent. The effects are 
more vexing when other smog compo- 
nents are considered: Cutting the lev- 
el of aromatics will lower the output of 
nitrogen oxides in older cars, but may 
increase them in newer vehicles. 


While the study does not dismiss | 


| and rear glass bonded in place. 


engine reaches maximum rpm in fourth; in 
the economy mode, all upshifts are made 
as early as possible under prevailing load 
conditions; in the winter mode, first gear is 


locked out, with upshifts dictated by the 


friction coefficient of the shift clutches, opti- 
mizing traction. The new five-speed auto- 
matic power train is about 25 percent faster 
O to 60 mph than the old 
four-speed combination. 
The manual five-speed has 
a direct-drive fifth gear in- 
stead of overdrive to promote efficiency 
and reduce downshifting. Other amenities 
include: a click-stop adjustment for shoul- 
der-belt height; larger brakes with ABS; 
and a system of “crumple tubes” that mini- 
mizes structural damage up to nine mph, 
although the bumper is still rated at 2.5 
mph under U.S. standards.—Jim McCraw 


the significance of improvements in 
air quality possible with reformulated 


gasoline, its results were less than an | 


enthusiastic endorsement of the 
"clean gas" approach to air quality, 
which is mandated under the provi- 
sions of the new Clean Air Act. 

The study is the first to be released 
by the industry research effort. It will 
be followed by more research on the 
effects of alternative fuels, such as 
methanol and natural gas, on emis- 
sions. Clean gas formulas have been 
proposed as an alternative to forcing 
car makers to produce methanol- or 
natural-gas-fueled vehicles, which 
would need the development of new 
production and distribution systems 
to be practical. Regardless, the latest 
reports from Detroit indicate new-car 
programs with methanol-fueled en- 
gines are still under development. 


Practical isn't the point 


If you use an exercise bicycle to work 
off extra pounds, maybe you'd like to 
consider swimming to your office 
through rush-hour traffic. That's theo- 


retically possible with the Swimmer's 
Machine, an electric car controlled by 
an operator laying prone on the roof 
and making swimming motions with 
his arms. 

The invention was one of the most 
imaginative vehicles entered in the 
15th annual Idea Olympics, a light- 


hearted contest designed to stretch to | 


the limit the imaginations of members 


of the Toyota Engineering Society | 


[^Funny Cars,” July '90]. 
| The Swimming Machine has motors 
on each wheel controlled by sensors in 


| the palms of your hands that react to | 


a breast stroke by adding more cur- 


rent to the wheels. Stroke faster and | 


you go faster. Pull harder on one side 

| and you turn. Sort of. 

| One of the cleverest of this year's 

| entrants was the New City Vehicle, 
which uses four hubless wheels to al- 
low huge variations in ground clear- 
ance. The axle is rigidly connected to 
the rim on each of the car's four large- 
diameter wheels. A solid tire rotates 
on rollers set in the rim. Because the 
axle is offset from the center line of 
the rim and solidly connected to it, 
turning the axle raises the car to the 
top of the circle formed by the wheel. 
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Is the new Porsche 
911 Turbo desir- 
able? Consider the 
fact that six of the 20 
cars delivered for 
the European press 
introduction were 
stolen almost as 
quickly as they were 
unloaded, putting 


| the thieves ahead of 
| the backlog of 1,100 


orders for the mea. e Aee 


ger 300 cars Porsche will make available 
in the United States this year. 

Back after a hiatus of two years, the 1991 
Turbo belts out 315 horsepower, with 332 
pound-feet of torque at 4,500 rpm. The 15 
percent torque boost is mainly due to a 50- 
percent-larger intercooler 


| located in the whale- | 
ial rear spoiler). re. PREVIEW DRIV 


designed to reduce internal 

airflow restrictions, plus reduce exhaust 
back pressure. All this is wrapped in the fa- 
miliar lozengelike bodywork, while inside 
there is the classic dash, instruments, and 
controls that feel decidedly dated. The Tur- 


TRAINING 


bo is available with neither four-wheel drive | 
nor the Tiptronic manually shifted automat- 
ic ['Best of Whats New,” Dec. '90]. "We 
wanted to preserve the Turbo's character," 
explains a Porsche official. Indeed, the 
characteristic is still there, with the unmis- 
takable rasping sound of 
the air-cooled flat-six domi- 
nant as you shift through 
the five forward gears. 

It's an expensive route to 60 mph in less 
than five seconds. With a $95,000 sticker, 
plus the new U.S. luxury tax and the gas- 
guzzler tax, the 911 Turbo easily breaks 
the $100,000 barrier.—Richard Stepler 


CORPS 


A 


You've got the potential. But it'll take confidence, 
initiative and self-discipline to really bring it out. 

Army ROTC is a college elective that'll help you 
develop those leadership skills, for success in college 
and in the military or civilian world beyond. 

Class time is about 2 to 4 hours per week. And in most 
cases, you're under no obligation until junior year. 

Shouldn't you find out more about ROTC? Call 1-800- 
USA-ROTC. Or contact your local University Professor of 
Military Science. It's your move. 


THE SMARTEST COLLEGE 
COURSE YOU CAN TAKE. 


Automotive Newsfront 


The New City Vehicle 
(above, left) raises and 
lowers its body on four 
hubless wheels to allow 
changes in ground clear- 
ance. Swimming motions 
propel the Swimming 
Machine (above, right). 
The Town House Car 
(left) turns into an en- 
trance for homes withno | | 
parking space. | | 


A Breath of | | NordicTrack invents NordicRow TBX 


FRESH AIR) | Advancing the science of total-body fitness 


| with the RecoupAerator™ 


Double-flywheel resistance M M Unique Back Stress Management 


air exchanger for separate upper-and System supports lower back 
aT lower-body ws and flexes to reduce 
Impure — . Impure settings. a EN Stress. 


Cold Air 


= Adjustable 
Adjustable foot pad offers two T incline for 
settings and moves with you as you exercise. workout 
Variance. 
There's never been a rowing machine this safe or effective. 
Safer than other rowers. More effective than ordinary exercisers 
| em ee The revolutionary Back Stress Management Unlike treadmills, stairclimbers and 
Worm Air n User Installed System supports your back and protects it stationary bikes that only exercise your lowe 
A year round supply of fresh air from injury. A patented system splits body, NordicRow TBX tones and strength- 
hon wostin PP ur heating d resistance between your arms and legs so ens all the major muscles in both your uppe! 
cooling dollars z Aie li aa id muscles and joints aren't over-stressed. And and lower body. You'll bum more calories 
and:chemicals with over 90% heat | its smooth, efficient workout makes with NordicRow TBX in less time. Get two 
recovery efficiency for just pennies a day. - NordicRow TBX the safest aerobic workout workouts in one machine with total-body 
Only $445 cont'l. U.S. shipping included. you can get sitting down. fitness from NordicTrack. 


30 day, money-back guarantee and a 


T? 
3-year limited warranty. For free brochure I ^ ine gras in peat NordicRow T EB d : 
or to order call 1-800-535-3448. | Or JU. yS WI anol or liga * mm Pac NORDICTRACK 


FREE VIDEO BROCHURE ca L-800-468-449 730 


^ A Product of Stirling Technology Inc. 
(^ P.O. Box 2633, Athens, Ohio 45701. 614-594-2277 


Or write: NordicTrack, A CML Company 141 Jonathan Blvd. N., Dept. 732C1, Chaska, MN 55318 
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The inventors claim this enables the | 


car to run low to the ground for high- 
way driving, but convert to high 
clearance for off-road travel. By rais- 
ing only one end or the other, it stays 
| perfectly level on hills, something like 
a sheep with short front legs. 

The Town House Car was presented 
as the ultimate solution to Japan's 


horrendous parking problem. Drive it ^: 


home, and when you arrive, nose the |! 


Town House up to the front door, 
where it stands itself on end to be- 
come an entrance gate. Guests coming 
to call walk through the car body. 

Then there is the Hang Glider. The 
driver hangs in a harness from a mock 
glider suspended above a model city- 
scape built on a rolling platform. Steer- 
ing, just as on a hang glider, is by 
swinging the handle bar. 

Groups of engineers work on the ve- 
hicles in their spare time, with mate- 
rials generally provided by Toyota. 
"Ihe only requirement 1s that they not 
be practical" a Toyota official said. 
“They work on practical things all 
day. —Dennis Normile 


Audi upgrade 


A new 2.8-liter V6 engine marks the 
European introduction of the re- 
vamped Audi 100, a successor to the 
present model that, despite outward 
appearances, is entirely new. The en- 


gine helps make the Audi 100 a 
formidable rival to other German 
marques. 

The 90-degree V6 engine develops 
174 horsepower and slots between Au- 
dis 3.6-liter V8 and the 2.3-liter in- 
line five-cylinder. It's claimed to be the 
smallest and lightest engine in its 
class. Bucking the current fashion, it 
has only two valves per cylinder, but 
compensates with a novel multi-path 
intake manifold that enhances bot- 
tom-end torque. Looping inlet tracts 
include long, small-diameter pipes for 
maximum low-speed torque, and 
short, fat ones to increase power at 


THOROUGHLY MODERN CAMRY 


Toyota has now favored the mainstream 
Camry with a modern styling make-over 
| | that is working its way through the compa- 
| ny's entire model range. Due to appear in 
the United States later this year, the new 
Camry is a much sleeker, rounder, and 
sportier car than the box it replaces. 

For the Japanese market, 
Toyota offers a two-liter 
double-overhead-cam V6 
engine that develops 140 
horsepower at 6,000 rpm, along with op- 
tional four-wheel steering and an electroni- 
cally modulated suspension system. The 
four-wheel steering isn't expected to make 
it to the United States. It's unusual in that 
four-wheel or two-wheel steering can be 
selected at the touch of a switch. Maneu- 
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vering through Tokyo's narrow streets, | 
found the two-wheel mode easier on the 
arms. And on the open road it was actually 
hard to tell the difference between the two- 
and four-wheel-steering settings. 

More noticeable was the effort Toyota put 
into quieting the body. Both the engine and 
suspension are isolated by 
liquid-filled mounts, and the 
steel floor gets a vibration- 
absorbing asphalt coating. 
The wheel housings and instrument panel 
are made with a vibration-damping steel- 
and-resin sandwich first used on the Lexus. 

The U.S. version is expected to start roll- 
ing off Toyota's Tennessee assembly line 
this year. And Toyota plans to ship U.S.- 
made Camrys to Japan.—Dennis Normile 


Audi's 100 has a 
2.8-liter V6 and 
retains fore-and-aft 
engine placement. 


high revs. These are selected by six 
vacuum-operated flap valves con- 
trolled by engine speed. | 
The body is noticeably stiffer, with 
an added under-floor cross member 
and a roof bonded to the supporting 
frame with adhesive. The result is an 
extra 330 pounds, bringing the curb 
weight to 2,882 pounds for the two- 
wheel-drive and 3,300 pounds for the 
Quattro version.—J2. S. 


Advanced brake lights 


Now that we've all become accus- 
tomed to seeing high-mounted stop- 
lights on the rear end of new cars, en- 
gineers are working on the next step 
in avoiding rear-end collisions. 

A proposal by Paul L. Olsen of the 
University of Michigan suggests that 
brake lights should be activated when 
the driver lifts his foot from the 
accelerator unusually quickly. A com- 
puterized monitor would measure the 
rate at which the foot 1s lifted, and 1f 
the driver appears in a panic, it would 
activate the brake lights immediately, 
rather than waiting until the brakes 
are applied. 

The action gives a driver following 


| about a half second more warning 


than waiting for the normal brake 
lights to be lit. It does, however, have 
the disadvantage of being triggered 


| without the brakes actually being ap- 


plied—a minor aggravation, according 
to Olsen, who argues the device could 
eliminate a significant percentage of 
rear-end collisions. 

Another device being studied cou- 
ples the action of antilock brakes to a | 
quick-flashing brake light. When the 
antilock system is activated, indicat- 
ing extreme braking, the taillights be- 
gin to flicker in unison. Both systems 
would need changes in legislation be- 
fore moving to production. fas 
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Bang 


Trekkie hi-fi 


On “Star Trek,” doors aboard the 
Enterprise spaceship flick open auto- 
matically. For its ultramodern Beosys- 
tem 2500—an all-in-one hi-fi sys- 
tem—Bang & Olufsen features some 
door-opening magic too: Reach for the 
2500's front panels, and you interrupt 
four infrared beams, noiselessly part- 
ing two motor-driven glass doors. 
Behind the glass panels is a key- 
board panel and a dot-matrix display 
that would make Capt. Kirk feel at 
home. In addition, the 2500’s wandlike 
remote control looks like a misplaced 
“Star Trek” prop: The eye-catching de- 
vice has a small see-through liquid- 
crystal panel for displaying com- 
mands. Despite the system’s apparent 
complexity, though, its operating func- 
tions—for the cassette deck, AM and 


FM tuners, compact disc player, hi-fi. 


amplifier—are easy to use because ev- 
erything is well organized. 

To enhance sound from the two 
small bass-reflex speaker cabinets, 
B&O says it “tricks” the 42-inch 
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& Olufsen calls its integrated Beosystem 2500 a m— hi-h 


Electronics Newsfront 


package. You can snap 
woofers into acting like larger speak- 
ers. The power amplifiers are used to 
counteract what would otherwise be a 
sharp falloff in bass, says the compa- 
ny. Amplifiers, transformers, and elec- 
tronic-crossover networks are built 


into the cabinets. This all adds up to 
superb, distortion-free sound, with a 


| brightness you would expect from 


such a system. 

Despite special design features to 
isolate the CD player from speaker vi- 
brations, a prototype 2500 did make 
CDs mistrack at high volume settings. 
Some obvious cures: Ávoid such high 
levels, or separate and physically iso- 
late the speakers from the central 
compact disc player. 

A microcomputer in the 2500 links 
functions within the player—putting 
the tape machine in pause when a CD 
is completed, for example. A computer 
also helps to adjust record levels for 
automatic taping. A battery-backed 
timer can be preset to control 10 dif- 
ferent functions. Although the $3,500 
Beosystem 2500 is a complete inte- | 
grated system, it accepts audio signals | 


off the speaker fronts oni change their color. - 


from other equipment, such as a tele- 
vision, and can also feed audio to oth- 


er hardware. Naturally, the 2500 com- | 


municates best with other B&O 
components. 


“thirtysomething” fax? 


Invisibly tucked away in some TV 
signals are second-language channels 
and text captions for the hard-of-hear- 
ing whose televisions are equipped 


with decoders. Researchers in Japan | 
are now investigating the best way to 


superimpose facsimile (fax) informa- 
tion on TV broadcasts. Text and 
graphics for home fax machines could 
accompany educational shows, for ex- 
ample, or order forms might be sent 
with commercials. Fax broadcasts 
could simply spread printed informa- 
tion instantaneously over a wide area. 


A TV or separate antenna would | 


catch the signals and route them to a 
fax-broadcasting receiver for conver- 
sion and printing. Adapters could be 
connected to standard fax machines, 
while future TV sets might include a 


JOHN B. CARNETT 


mE 


printer or built-in adapter. You could 
program your receiver to capture spe- 
cific fax broadcasts. The broadcasts 
also could be encoded so that only peo- 
ple paying for specific fax transmis- 
sions would receive them. 

Japan's Electronics Industries Asso- 
ciation recently tested fax signals 
broadcasted at a rate of 16,000 bits 
per second (bps). That's much faster 


| than faxes currently in use, which 


typically send data over phone lines at 
1,200 or 2,400 bps. 

Japan's broadcasting authorities 
are studying standards for the new 
medium. Sharp, Sanyo, Toshiba, and 


| others have developed prototypes. 
| Commercialization, however, is still 


several years away.—Dennis Normile 


| Shirt-pocket telephones 


You want to make an important 
telephone call, but there’s a line at 
the nearest phone booth. Two blocks 
away another booth is empty—its 
phone is broken. 


New pocket-size portable tele- | 


phones are on the way that would let 


you use “busy” phones (through multi- | 


ple lines) as well as those that seem to 
be out of order. Trials of these all-digi- 
tal second-generation cordless tele- 
phones, tagged CT-2s, are under way 
at a number of locations in the United 
States. CT-2 systems use tiny low-pow- 
er portable phones that are small and 
light enough to fit comfortably in your 
shirt pocket. The take-along phone 
communicates through a phone-book- 
size base-station radio transmitter. 
You can both place and receive calls 
near your home or at a business in- 
stallation, as with other standard 


Antennas installed on phone stations being read- 
ied for New York trials let CT-2 owners make 
outgoing calls away from home. 


IT’S 8 P.M.: ROLL DOWN THE SATELLITE ANTENNA 


A roll-up satellite antenna that resembles 
an archery target may ease problems with 
parabolic-dish antennas. Satellite dishes 
are usually difficult to install, require pre- 
cise aiming, damage easily in high winds, 
and draw appearance complaints. 

The British maker of a new flat zone-plate 
antenna adapted principles of the Fresnel 
optical lens: The satellite antenna, about 
25 inches in diameter (for newer direct- 
broadcast satellites), has a series of con- 
centric metalized rings printed on a plastic 
sheet. This pattern focuses microwave sig- 
nals into a feed horn, which sends them to 
an electronic converter. The antenna could 
be applied to a window blind or glass. 


cordless telephones. At the public tri- 
als now under way, CT-2 base stations 
are installed near phone booths or 
other sites close to wired phones. 
These "telepoints" enable up to four 


IAN WARPOLE 

Aiming the zone-plate antenna is simple. 
In some installations, when the antenna is 
not perpendicular to incoming signals, the 
concentric rings are replaced by specially 
shaped ellipses. The ellipse axes are 
aligned with the satellite so the antenna 
"sees" a circular pattern. 

The zone plates are coming to the United 
States, first to Atlanta, where the manufac- 
turer has negotiated a sale of 100,000 units. | 
“The price is about the same as a conven- | 


tional dish,” says engineer Gary Collinge, | | 


“though fitting as a DIY [do-it-yourselfer] job 
is much cheaper." The maker is Mawzones 
Ltd. (The School House, 6 Church St., Ware, 
Herts SG12 9EG, England).—David Scott 


CT-2 owners to make outgoing calls si- | 


| multaneously. The CT-2 system works 
| even if the telepoint phone doesn’t. 


You can call 100 yards or so from the 
base station. 

Matt Edwards, president of Ad- 
vanced Cordless Technologies in 
Montville, N.J., discovered during a 
CT-2 public trial last autumn that 
careful positioning of the base stations 
is important. “Digital transmission 
used by CT-2 either provides perfect 
signals or it is gone,” he explains. “We 
found that a passing truck could cut 
off transmission for a second or a sec- 
ond-and-a-half.” To prevent calls from 
being dropped because of brief signal 
interruptions, his company relocated 
antennas to higher elevations. 

The miniature handsets transmit at 
low power levels, about 10 milliwatts. 
As a result, the telephone’s small bat- 
teries provide some 20 hours of talk 
time and one month of standby. 

CT-2 technology is already being 


| used in Europe. In this country, other 


upcoming trials of ultra-compact per- 
sonal telephones employ so-called 


| spread-spectrum technology. These 
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systems, based on techniques used by 
the military, digitally encode some 20 
phone calls on a wide radio-frequency 
band [*Personal Pocket Phones," Aug. 
'90]. Spread-spectrum systems are be- 
ing tailored both to receive and place 
calls. 


Hydrogen chloride sensor 


Polyvinyl chloride (PVC) is often used 
as a cable insulator for electrical 
wiring, and in floor tiles and wall cov- 
erings. When it overheats or burns, 
hydrogen chloride gas is emitted. This 
gas is extremely corrosive and can 


cause severe throat and lung irrita- | 


tion as well as damage to elec- 
tronic equipment. 

"There's only one thing that 
can happen if hydrogen chloride 
gas comes in contact with elec- 
trical equipment—and that's a 
bad thing," says Glen Neuburg- 
er, a researcher with Bellcore 
(Bell Communications Research) 
and inventor of a prototype hy- 
drogen chloride sensor that de- 
tects fires involving PVCs. The 
device could be used in tele- 
phone-company switching of- 
fices and large computer and 
data centers—places where the 
gradual or sudden release of 
hydrogen chloride gas due to 
| overheating or burning wires is 
possible. 

The sensor system hinges on a 
dime-size quartz crystal similar 
to those used to generate stable 
frequencies in electronic equip- 
ment. The sensor takes chemical 
information—in this case the 
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A cutaway view of Bell- 
core’s hydrogen chloride 
sensor, which contains a 
small silicon disc to de- 
tect the gas escaping 
from overheated wiring 
coated with PVC plastic. 
A simple microcomputer 
registers electrical 
changes from the sensor. 


citing about this is that it can be made 


| cheaply,” says Neuburger. He expects 


| the cost to be comparable with con- | 


ventional fire detectors, somewhere 
between $50 and $150. But he warns 
that the device, because it’s tailored to 


| one gas, is not meant to replace con- 


presence of hydrogen chloride—and | 


transforms it into an electrical mea- 
surement. These signals are moni- 
tored by a palm-size computer that 
registers frequency changes. 


“Basically, the sensor sits out there | 


in the real world while the computer 
interrogates it," explains Neuburger. 
“The quartz crystal vibrates, then 
slows down when the gas is present.” 
An alarm is then triggered by the 
computer. The sensor picks up traces 
of the gas in concentrations of one 
part per million and up. 

Other hydrogen chloride gas sen- 
sors are expensive and therefore not 
used for routine detection. "What's ex- 
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Sony's new HDTV package is aimed at affluent shoppers i Japan, where there are limited broadcasts. 


ventional fire-detection systems. 
The electronic hydrogen chloride 


sensor is currently being tested at 


South Central Bell switching offices in 
Kentucky and Illinois Bell offices in 
Chicago.—Marcelle M. Soviero 


HDTV arrives in Japan... 


High-definition TV is here, if you live | 


in Japan and have $30,000 to spare, 
that is. 

Japan's leading electronics giants 
recently announced mass production 
and sales of HDTVs. The different 
makers offer either 32- or 36-inch 
screens, and all the picture tubes have 
a 16:9 aspect ratio, similar to movie- 
theater screens that let you see all of 
the picture in wide-format films. Most 
manufacturers aim their equipment 
at business or industrial use. Sony, 


however, claims that its HD Trinitron | 


monitor is specifically for the home. 
For most systems, including Sony's, 

the decoder that converts HDTV 

broadcast signals into screen images 


must be purchased separately. Mat- | 


sushita is the only company offering 
an HDTV with a built-in decoder. Ei- 
ther way, prices for complete systems 
work out to $30,000 or more. 

At present, there are few programs 
being broadcast. Japan Broadcasting 
Corp., the public radio and television 
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W. E. Larkins, manager of the 
Kmart on El Camino Real in 
Santa Clara, CA says that win- {ill 
dow tinting will save your car's — hy 
interior from fading. Shopping ^ 
at Kmart will keep your budget | 
from doing the same. M 


Pennzoil Motor Oil. Quality Ml 
protection since 1889. HD 30, M 
10W-30 and 10W-40 viscosities. 

Limit12 Ats ee sc 1.17 ca. 


AC Delco Duraguard Oil Filters. 
Available in popular sizes. For many 
U.S. and foreign carsandlighttrucks. Wi 
AC Delco — it's like buying time. — |; 
Cie 5s M 1.99 ea. 


EFFETS. 
| P T STIS e 


[C] GE Halogen Headlights. Single 
lights H4561, H4656, H5001 and 


H5006 5. sos 4.995. | 
Dual light or bulb H6054, H6024 ll 
and 9004BP......... 9.99 ca. | 


[D] Bosch Platinum Spark Plugs. 
Quick starts and top fuel efficiency. 
4-packs for many cars, vans and 
bruary 24 through | pickups s. ....... 1.88 ca. 


X . " j EN qum 6. 1991. at U.S.A. 7mm and 8mm spark plug wire sets for 
ro — ui Kmart stores i many cars at everyday low prices. 
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Gary Theut, of New Baltimore, 
Michigan, spent five years 
restoring his 1965 Ford Galaxy . . 
"convertible. The Chesterfield 
Twp Kmart on 23 Mile Road 
; helps keep it as nice as the day 

it came off the line. 
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[A] Oil Treatment. 15-07. size. 
[B] New Car Oil Treatment. 
15-02. size. 

[C iquid Fuel Injector and 
Carburetor Cleaner. 12-02. size. 
[D] Lead Substitute. 8-oz. size. 


[E] 4-Cylinder Oil Treatment. M LM 
15-02. size. ADRAS Y= 
[F] STP Son-of-a-Gun. 20-oz. size. E: Ww A. 


Helps protect and beautify vinyl, E IT e 
plastic, leather and rubber. -2.97 FOP Goat Finishes 


No Scratches * No Swirls 


STP Gas Treatment. 12-07. size. . . Guaranteed! 
Helps clean carburetor. Improves EASY TOUSE 


CLEANS, SHINES A FAG? 


[H] Simoniz Tuff Stuff Multicleaner, |. tangen: comcs e as d 
22-02. size. Effective for cleaning -| | "wee. a WV 

vinyl upholstery, vinyl and plastic -| &-  - — 

floor mats. Home or car use sg 


‘< [T] Simoniz Non-Abrasive Liquid 
Wax. 16-oz. size. Non-Abrasive 

Paste Wax. 14-oz. size. 
Your choice .......... .. 3.47 


<Car-Care Tips > 


Remember, a car cover should 
never be left on for more than | 
a month unless it's con- 
structed from a breathable 
fabric. Otherwise damage to 
Ihe paint and finish can occur. 
If waxing your car sometimes 
leaves hard-to-get-at wax 
deposits around antennas or 
door handles, use a cotton 
swab to remove and clean. 
This will leave a uniform 
shine without the unsightly 
white streaks. 


|J | Kraco Floor Mats. 4-pc. plush 
carpeted mat set. Twin front and 

| rear with rubber heel pad. Assorted 
$ colors. Model KM904. . . 12.97 


[K] 72-Spoke Chrome-Plated Wheel 
Covers o odes 10.00 ca 
ABS Plastic Wheel Covers 

ach A AA s. PO MEN ea. 
Assorted styles. Available in 13", 
14" or 15" sizes. 
Tire not included. 


[L | Poly/Cotton Car Cover. Medium 


and large. Protection from rain, ice 
and snow ........... 39. 
XL cover ....-..............42,.00 


Nylon Car Cover. Medium/large. 
Protects your car in summer, winter 
orstorage ...........19.00 
XL nylon car cover ....22.00 


[N] Allison Ultra Plush Seat Covers. 
Plush fabric provides soft comfort 
and perfect fit, fit most high- and 
low-back bucket seats and bench 
seats............. 19.88 ea. 


The quality you need, 
the price you want. 
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The sounds of 
spring and savings 
at Kmart. 


Jensen AM/FM Stereo Cassette. 

With auto reverse, seek, fader and — 1. 
presets. Automatic program control. 1 
Model CS4500 119.00 ; 


652500 AM/FM stereo cassette. Seek 
tuning and 18-station preset... 99.00 


Audiovox AM/FM Deluxe Cas- 
Sette Stereo. Electronically tuned, 
Stereo cassette and quartz clock. 
Model AV952 ) 


AMP 750 40-watt graphic 
equalizer/amplifier 24.00 


[C |Kraco AM/FM Stereo Cassette. 
With 3-band graphic equalizer and 
soft-touch presets. Mes 1080 


KPA-100 amplifier. 500 watts per channel 


Cobra Underdash CB Radio. 
Compact with squelch, digital read- 
out, LED signal meter and instant 
emergency Channel 9. Model C20 


a - o» R18 ox. 2 — LI 


[E | Whistler Radar Detec- 
tor. Compact, full-feature 
detector with highway/ 
city mode, "pulse pro- 
tection.” Model WH750 


Not available in CT and VÀ, 


Radio and CB antennas available 
at everyday low prices. 


KMART” ADVERTISED MERCHANDISE POLICY 
Our firm intention is to have every advertised item in sinck 
on our shelves. If an advertised item ia not available for pur- 
chase due to amy unforeseen reason, Kmart will issue a Rain 

hack on the merchandise (one item or reasonable 


family quantity) to be purchased at the sale price whenever 0 ri sal E Fe b rua ry 24 th rou ( h 


available or wall ell you a Comparable quality item at a com- 


parable reduction in price. —— March 6, 1991, at U.S.A. 
Kmart stores. 


broadcaster that spearheaded the de- 
velopment of HDTV in Japan, is 


| broadcasting HDTV signals for only 


one hour each day. By autumn, the 
company plans to expand that to eight 
hours. In Japan, HDTV is broadcast 
from satellites; programs aren't car- 


ried on regular TV channels. In the | 


United States, simulcasts of HDTV 
and standard TV from terrestrial an- 
tennas are planned.—D. N. 


| tind is fine tuned in the U.S. 


| cast HDTV system. The FCC is sched- | | 
| uled to select an HDTV standard in | | 


Zenith Electronics Corp. and AT&T 
Bell Laboratories claim their research 
has produced a breakthrough for trans- 
mitting all-digital high-definition TV 
simulcasts in the United States. 


. Zenith says the all-digital method | 


uses a low-power transmitter and 
special signal processing to prevent 
HDTV broadcasts from interfering 
with conventional TV broadcasts. The 
technique has a unique digital filter at 
the HDTV transmitter and another 
filter in HDTV sets. Owners of new 
HDTV receivers wouldn't pick up in- 
terference from standard broadcasts, 
and standard sets would receive broad- 
casts without interference. 

AT&T developed a video-compres- 
sion algorithm that, combined with 
Zenith's compression technology, 
squeezes HDTV signals into a six- 
megahertz-wide TV channel. The al- 
gorithm analyzes motion within each 
!ay-second TV frame, using a complex 
encoder at the transmitter, but a less- 
sophisticated, low-cost decoder in 
HDTV receivers. Advanced technology 
is necessary to process rapidly chang- 
ing high-density signals: One of the 
high-speed signal processors devel- 
oped for HDTV sets performs about 
four billion operations per second— 
about 1,000 times faster than typical 
desktop computers. 

Last fall, NBC, Philips, Thomson, 
and the David Sarnoff Research Cen- 


ter announced a similar digital simul- | 


| 1993. This consortium plans to com- 


pete in the FCC tests. A previous FCC 
decision said that HDTV program- 
ming must be broadcast simultane- 


| ously on vacant channels, with the 


same programming broadcast on stan- 


| dard channels. 


Extended digital cellular 


Hughes Network Systems, a sub- 
sidiary of General Motors Hughes 
Electronics, has joined forces with 


| other companies to boost the capacity 
of cellular telephone channels. Anoth- 


PLUG-IN CHIP ENHANCES COMPUTER GRAPHICS 


The standard VGA (video-graphics array) 
displays used with most PCs today are ad- 
equate for everyday tasks, such as word 
processing and spread-sheet analysis. But 
more visual applications such as presenta- 
tion graphics, desktop publishing, and 
computer-aided design are often hindered 
by the mediocre resolution and modest col- 
or palette of VGA screens. Opting for high- 
er resolutions and more colors has meant 
spending hundreds, sometimes thousands, 
of extra dollars for sophisticated video 
adapters and monitors that can display the 
additional detail. 

A new digital-to-analog converter (DAC) 
chip from a small company in Waltham, 
Mass., called Edsun Laboratories, promis- 
es to change all that. Edsun’s DAC chip re- 
places the converter already built into cur- 
rent VGA add-on cards or computer 
motherboards, so the upgrade cost for 
manufacturers is minimal (less than $20 
per card or system). The visual impact can 
be dramatic, however. The Edsun chip 
boosts the effective screen resolution from 
VGA's usual 640 by 480 pixels to an appar- 
ent display of 2,048 by 1,536 pixels, ac- 


| cording to company officials. And the VGA 


color palette is enlarged from 256 to (theo- 


er General Motors goal: cellular tele- 
phones that are integrated into cars 
and trucks—behind the instrument 
panel, for example—when they leave 
the factory. 

In many large cities, cellular tele- 
phone traffic has become so heavy 


| that at times users can’t get their calls 


through. A standard established by 
cellular phone makers last spring en- 
ables several callers to use radio chan- 
nels simultaneously [“Cellular Goes 
Digital," Jan. '90]. 

This technique, called time-division 


retically) more than 700,000 hues for pho- 
tographlike images. 

Actually, the number of pixels remains 
constant at 640 by 480. But the Edsun 
chip uses a patented technology called 
continuous-edge graphics that combines 
any two colors in the VGA palette to form 
pixels of intermediate shades for render- 
ing the edges of an object on the screen. 
The result is a smoother and more finely 
detailed image, eliminating the jagged 
edges (known as "jaggies") and loss of 
subtlety that commonly blight ordinary 
VGA screens. An example is pictured 
above. Edsun claims there is little or no 
impact on the speed of a video display us- 
ing its chip. 

Edsun has signed agreements to supply 
its video-upgrade chips to several leading 
computer makers, including Epson Ameri- 
ca and Northgate Computer Systems, and 
is negotiating similar deals with many of 
the largest PC and video-card manufac- 
turers, according to Steven Edelson, the 
company's chairman and founder. Epson 
has already announced plans to debut the 
improved video system with its Equity 
386SX/20 Plus model, slated for early 
1991 delivery.— Christopher O'Malley 


multiple access (TDMA), converts 
phone messages into digital signals 
and assigns each one split-second 
time slots, allowing three callers to 
use the same channel. The proposed 
Hughes technology would enable 15 
callers to use the same channel. The 
trick to this is electronically monitor- 
ing brief natural pauses in telephone 
conversations, then filling them in 
with more messages. Hughes calls the 
method extended TDMA. The cellular 
manufacturers association plans to 
evaluate the proposal. 
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When yov're by yourself, you enjoy 
the company. 
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! XM UR MGE PTUS ONE EUE 
You like people. You also like your 
privacy. You believe there should be 
room in life for both. And, you're right. 

The 2-door Explorer from Ford is 
just what you had in mind. Its 
versatility means real independence. 
Its spaciousness holds lots 
of friends and cargo. The engines a 
big 4.0L EFI V-6. 

With Ford's exclusive Touch Drive 
system, you can shift from 2WD to 
4WD High and back, on the fly, 
at the push of a button. With a 
long list of amenities, you can 
really express your individuality. 

Sound perfect for you? 

You re in good company; 
Explorer is today s best-selling 
compact utility? 


*Based on Manulacturers' Reported Retail Deliveries, May 1, 1990 to date 
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Buckle up — together we can save lives. 
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middle peak is the power drop; the bumps at left are from the stove and under-floor water pipe. 


Characterizing EMFs 


The jury is still out on whether the 
low-frequency electromagnetic fields 
(EMFSs) that we routinely encounter in 
our homes and offices from sources 1n- 
cluding appliances and wiring are a 
health hazard. In the meantime, the 
Electric Power Research Institute 


(EPRI), an industry group, is studying | 


how magnetic fields form and behave 
to learn what steps might be taken to 
manage their effects if the fields are 
eventually proved to be harmful. 
Electric and magnetic fields occur 
together in low-frequency AC power. 
Both fall off rapidly with distance and 
can create mild, temporary electric 
currents in people or animals. Adding 
to the debate over the possible health 
effects of EMFs is that researchers 
don't know yet whether we should be 
most concerned about the level of expo- 


sure, its duration, or some other fac- 
tor—or if should we be concerned at 
all. (Although conventional wisdom 
says to avoid close contact from things 
like electric blankets.) 

Following a small pilot study, EPRI 
researchers are now analyzing and 
documenting the magnetic fields in 
1,000 randomly selected homes in 25 
utility service areas across the country. 
The measurements could be completed 
by late this year. 

“We are focusing on the engineering 
aspects," says Gary B. Johnson, man- 
ager of research program development 
at the High Voltage Transmission Re- 
search Center in Lenox, Mass., which 
is run by General Electric for EPRI. 
Among the questions to be answered, 
says Johnson: "What are field sources? 
What are the magnitudes? How do 
they vary in time, in space, and 
throughout our home?" 
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The relative strengths of electromagnetic fields measured in a kitchen: The spike at right is from the dock; 


LS 


Field sources can include 
transmission and distribution 
lines, appliances, grounding- 
system currents, and unusual 
wiring configurations. The illus- 
tration at left shows the result 
of measurements taken in a 
kitchen. A pilot project is also 
under way to measure the 
magnetic fields in nonresiden- 
tial areas. 

The data gathered in the res- 
idential project will not com- 
plete the picture of EMF char- 
acteristics, however. ^You can't 
say to people, "We need to come 
into your house for four or five 
days to make measurements. 
We want to turn off all your ap- 
pliances and put in new ones, ” 
says Johnson. "To really study 
the fields and find out what 
changes could be made to modi- 
fy them is fairly difficultina real 
neighborhood. That's why EPRI 
has installed the Magnetic 
Field Research Facility." 

Part of the High Voltage Trans- 
mission Research Center, the 
new facility simulates a small 
segment of a residential neigh- 
borhood. It has a 1,200-foot 
overhead distribution line with 
nine transformers and several 
load points, each representing a 
house, a water-pipe system for 


= 


SOURCE: EPRI JOURNAL - 


n 
Aa 


; grounding, and a house shell 


with typical wiring and ground- 
ing arrangements. These are re- 


| configured to generate under controlled 


conditions the many currents and mag- 
netic fields found in neighborhoods. 

The researchers hope to unravel 
some of the complexities of magnetic- 
field interaction. For example, the 
common practice of grounding the 
house to the water pipes for safety 
“provides an alternate path for the 
current to flow from your house back 
to the distribution system," says John- 
son. "Now you have ground currents 
taking different paths through your 
water pipes and in some cases through 
your neighbor's water pipes." As a re- 
sult, you could create fields in your 
neighbor's house when you switch 
your appliances on and off—and your 
neighbor could create them in your 
house, he says. 

Reducing EMFs in things like 
wiring and appliances is not difficult 
in theory, adds Johnson. The farther 
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Home Newsfront 


New glue guns that operate at cooler tem- 
peratures let you work on more fragile ma- 
terials—and they're safer to use as well. 
Because the new guns operate around 225 
degrees F—about 150 degrees cooler than 
conventional guns—you can use them on 
inflated balloons, polyfilms, expanded 
polystyrene, rubber, synthetic fabrics, lace, 
| dried flowers, rhinestones, and beads. 
They also reduce the risk of burns when 
working with small or delicate materials, 
where hand pressure is necessary to form 
a good bond. 
| tested two brands, Ad Tech's Crafty 
Magic Melt and Stanley's Cool Melt (which 
comes in two sizes). Black & Decker plans 
to introduce two models in the spring. The 
guns were comparable in performance with 
conventional guns using general-purpose 


apart the electrical conductors are, the 
greater the fields they can produce. 
| Thus, designs that place wires closer 
together would tend to reduce fields. 
But if all new products had to be rede- 
signed, it could prove to be extremely 
expensive. 


Stale-air solution 


| Your house smells like a locker room. 
You've sniffed out the obvious genera- 
tors—the dog, dirty laundry, etc.—but 
you're unable to find the source. 
Maybe the culprit 1s your new high-ef- 
ficiency heat pump. 

Dubbed the *dirty socks syndrome" 


most frequently occurs in homes in 
Southeastern states—where it tends to 
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glue sticks on soft woods, paper, metal, 
and plastics. | liked the fact that they heat- 
ed up in two minutes—about twice as fast 
as regular hot-melt guns. 

Because the glues for the new guns are 
formulated for lower temperatures, they are 
not compatible with standard hot-melt 
guns. To make sure people don't use the 
wrong kind of glue, manufacturers made 
the new sticks oval, rather than the tradi- 
tional cylindrical form, and shaped the gun 
openings to fit only the oval sticks. 

The prices of the guns (typically packaged 
with enough glue to get started) range from 
about $15 to $24. Ad Tech, 3 Merrill Indus- 
trial Park, Hampton, N.H. 03642; Black & | 
Decker, Box 798, Hunt Valley, Md. 21204; | 
Stanley-Parker, 149 Washington St., | 
Worcester, Mass. 01610.—Phil McCafferty 


be more humid—when a relatively 
new heat pump enters the defrost cy- 
cle in early spring or winter. All heat 
pumps are potentially susceptible to 
this problem. “It has turned up in sys- 
tems offered by almost all manufactur- 
ers," says Harry Hale, director of cor- 


| porate engineering services at Carrier 


Corp. in Syracuse, N.Y. 

Heat pumps are like air conditioners 
that can run backward. In winter, a re- 
versing valve switches the refrigerant 
flow to bring heat from outside air into 
your home. In the heating mode, the 
outdoor coil can freeze, so heat pumps 
have a defrost cycle. The unit runs 


| briefly in the cooling mode, borrowing 
(for obvious reasons), the problem 


house heat to warm the outdoor coil. 
The combination of heat and mois- 
ture during this cycle provides a breed- 


Ow i i ge 


ing ground for bacteria, which many 
manufacturers blame for the odor. The 
smell can permeate a house for 5 to 40 
minutes. “The problem may be bacte- 
ria on the heat-exchanger coils,” says 
Hale. “Sometimes the cause is also 
mildew or algae,” adds Jan Stolwijk, 
professor of epidemiology and public 
health at Yale University in New | 
Haven, Conn. “Water shouldn’t stay in 
the drain pans underneath the fan 
coils,” Stolwijk warns. 

Oversized installations may also be 
a cause of the problem. If the unit is 
not sized correctly, the coils can’t be 
cleaned as easily and bacteria will col- 
lect. Keeping temperatures above 75 
degrees F indoors also helps bacteria | 
to grow. The type of food consumed in 
the house or the materials used in the 
furniture can also add to the problem. 

While there is a host of possible so- 
lutions, none provides a definitive an- 
swer. Some suggest ozone-creating 
machines or antibacterial coil coat- 
ings. “Our Clinic-Aire ozone machine 
unit kills fungi and airborne bacte- 
ria,” explains William E. Morrow, 


| chairman of Aqua-Mist of Winston- 


Salem, N.C. | 
An electron vacuum tube and a high- 
voltage transformer produce low levels | 
of trivalent oxygen (three oxygen mole- | 
cules linked together). This ozone | 
breaks down the chemical compounds 
that cause the odor; then it decompos- 
es to oxygen. At the low ozone levels 
required to disinfect air, laboratory re- 
ports show activated oxygen is not tox- 
ic. In large doses, however, ozone is 
toxic, and can cause smog. “The cre- 
ation of ozone in the air has severe 
problems,” says Stolwijk. “It can have 
nasty effects on the respiratory sys- 

tem,” he says. 

Antibacterial sprays are not without 
problems either. “So-called biocides 
can be quite poisonous to people,” says 
Stolwijk. Instead, Stolwijk offers sim- 
ple advice: Turn the heat pump off and 
scrub the fan coils with bleach. Bleach 
isn't as harmful as biocides, and if the 
system is off, bleach fumes won't enter 
the house's distribution ducts, he says. 
—Marcelle M. Soviero 


New home-automation entry 


Echelon Corp. of Palo Alto, Calif., has 
yet another approach to the quest for 
integrated home automation. Headed | 
by a pair of Silicon Valley stars, Mike 
Markkula, co-founder of Apple Com- | 
puter, and Kenneth Oshman, a | 
founder of ROLM Corp., the telephone- | 
switch maker, the company has de- 
signed Neuron Chip microprocessor 
controllers that distribute intelligence 


over groups of products and systems. 

Home automation promises bene- 
fits including greater convenience, se- 
curity, and enhanced entertainment 
features by enabling everything elec- 
trical to communicate and work with 


everything else. Two major U.S. ef- Z- The IQtherm — 
forts are now vying to provide the ac- a ram p aig s yos 
cepted standard. (There are many "eis nial temperature 


others internationally.) 
| One, Smart House, is a project 
spun off by the National Association — 
of Home Builders, a trade group, to 
create proprietary standards, hard- 2d E 
ware, and software [“Smart House,” |  .— T — 
Aug. '88; “The World's Smartest c — 
Houses," Sept. '90; “HNF,” Oct. '90, | into three types. While some 
Feb. '91]. This system relies on a cen- | hardware for Smart House is 
tral controller and consolidates wiring | to be introduced this spring, 


FLOOD MONITOR 


In the season of pipe bursts, the Fluid- 
Gard water-detection system offers 
protection with a plus: In addition to 
automatically shutting off water when 
pipes rupture or might freeze, it lets you 
restrict the volume of water used over a 
| chosen time period. “I set the one in my 
house on twenty minutes and twenty-five 
gallons," says inventor Fritz White. "If | 
have a leaking toilet, for example, Fluid- 
Gard will cut off the water." The system 
also stops flow when it senses a large 
volume loss, as in a rupture. 


The system's solid-state controller de- | 


tects fluctuations through the flow meter 
of as little as ?4 gallon per hour. A latching 
water shut-off valve only draws power 
| during cycling for operation or testing, so 
Fluid-Gard uses little power, claims 


White. The system is active while you're | 


| on vacation too. If you forget to turn off 

the water, the device will do it for you after 

| | 18 hours of nonuse. And “if house tem- 
| perature drops below forty degrees [F], 


| | Fluid-Gard shuts off the water," says | 


White. "Then, to protect pipes from burst- 
ing, it drains a bit out of the house distri- 
bution system so there's room for the wa- 
ter to expand." 

A battery backup lets the system work 


for several hours during power outages. | 


There's a manual override for draining or 


long, continuous water use. Fluid-Gard | 


can be installed on the incoming waterline 
by the average homeowner, says White. It 
costs about $400. Fluid-Gard Inc., Box 
534, Midlothian, Va. 23113.—M. D. 


| bility won't appear until October. 


products for full Smart House capa- 


Another protocol comes from the 
Electronic Industries Association, a 


| trade group, through its Consumer 
Electronics Bus (CEBus) committee. | 


(A bus is any pathway for an electron- 
ic signal.) Much of the CEBus stan- 
dard, which is open to all manufac- 
turers, has been written and 
published, though not accepted [“Inte- 
grated Automated Educated House," 
June '90]. 

Unlike Smart House, Echelon's sys- 
tem needs no special wiring, says Bea 
Yormark, vice president of marketing 
for the company. Conceptually, the 
Echelon network is similar to the 
CEBus idea. But while the CEBus 
specification has remained a proposal, 
the first shipments of Echelon chips 
will be available this month, says Yor- 
mark. Also, “Ours is not a home-spe- 
cific protocol," she says. "It allows you 
to not only design and build smart 
products in the home, but also the 
car, factory, or office." 

The Echelon Local Operating Net- 
works, or LONs, can contain up to 
32,000 nodes, each with a prepro- 
grammed Neuron Chip. The nodes 
can sense, monitor, tell time, manage 
switches and relays, and respond to 
conditions reported by other nodes. 
For example, a sprinkler in a LON 
network would water the lawn at pro- 
grammed times, but stop when other 
nodes told it that rain was beginning 
to fall or that the ground was already 
wet. Individual manufacturers will 
program the chips and incorporate 
them into their products. 

Echelon is now selling the $15,000 
system that will enable manufactur- 
ers to program nodes and create net- 
works for their products, as well as 
evaluation units for the transceivers. 
“Transceivers allow you to attach to a 
communication media such as twisted 


| pair, radio frequency, power line, 


and, in the future, optical fiber," 


| says Yormark. 


Motorola of Phoenix and Toshiba of 
Tokyo will make the Neuron Chips. 
The companies predict the cost of the 
chips will be “well under ten dollars 
apiece,” says Yormark. At that price, 
they may be too costly for small prod- 
ucts like smart light bulbs, she ac- 
knowledges. “As with all similar tech- 
nologies, ours will be initially feasible 
for some larger systems,” as in light- 
ing or building control, or factory au- 
tomation, she explains. 


Room-by-room thermostat 


Electronically programmed thermo- | 


stats that regulate the temperature of 
each room in a house independently 
are the latest smart energy-saving do- 
mestic hardware from Sweden. 


Called IQtherm, the system has a | 


small control box incorporating a pho- 


todiode receiver that is connected to 7 


each radiator in the house. Programs 
for individual rooms are keyed into a 


hand-held remote-control unit, where | 


you enter the day of the week and the 
desired temperature and times for up 
to six on-off periods. You follow this se- 
quence for every day of the week, then 


point the hand unit at the radiator con- | 


trol box and press the “send” key to zap 
it with an infrared beam. 


The same programming procedure | 


is repeated for every room in the 
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SURGEON GENERAL'S WARNING: Quitting Smoking 


GE Lighting's Halogen IR PAR 38 bulbs are 33 percent more efficient than standard halogen bulbs. 


house, for up to nine radiators. Bed- 
rooms, for example, can be warmed for 
short morning and evening periods 
and set to cool down during the day 
and night. 

À custom microchip in the box in- 
cludes a clock and five-kilobyte pro- 
gram—enough memory to store all the 
transmitted data for a week. The 
timed blips trigger a thyristor solid- 
state switch for the electric radiators 
that are common in Swedish homes or 
regulate an electric solenoid valve be- 
ing developed for hot-water radiators. 
Motorized dampers for ducted hot-air 
systems are also planned. 

Room thermostats are sensitive to 
external heat sources, such as a log 
fire or sunshine, and adjust their radi- 
ators accordingly. With the savings 
from these thermostats, fuel bills may 
be cut by up to 20 percent, the Swedish 
makers say. Preset programs can be 
temporarily canceled during a vaca- 
tion by a one-shot function. This 
drops room temperatures to an econo- 
my level for up to 99 days, and the de- 
vice can be programmed to restore 
them to normal to warm the house be- 
fore you return. Cerebral Data AB, 
Nya Varvet B90, 421 71 Vastra Frolun- 
da, Sweden.— David Scott 


Better bulb 


By recycling the heat that halogen 
bulbs generate, researchers at the 
General Electric Research and Devel- 
opment Center in Schenectady, N.Y., 
and GE Lighting in Cleveland have 
made halogen bulbs 33 percent more 
efficient. They use trapped energy to 
make extra visible light. 

Infrared accounts for 75 percent of a 
typical bulb's output. The GE bulb uses 

some of this light energy—which hu- 


| | 


mans sense as heat—to provide more | 


visible light. A halogen lamp consists of 
an outer glass bulb and an inner 


quartz bulb that contains a filament | 


and halogen gas. The gas counteracts 
evaporation of the filament at high 
temperatures, making the bulb work at 


hotter—and thus more efficient—tem- 


peratures while maintaining the bulb's 


life. À coating over the inner bulb ad- | 


mits visible light, but reflects the in- 
frared back to the filament. 

Because the bulb reuses the heat it 
produces, it saves 60 percent of typical 
energy costs over its life (about $14), 


says GE. In addition, the new 60-watt | 


Halogen IR lamp provides the same 


amount of useful light as a standard | 


90-watt halogen or a conventional 


150-watt PAR (for Parabolic Alu- | 


minum Reflector) floodlight. 
GE Lighting now sells the bulbs as 


Halogen IR PAR 38 spot and flood | 


lamps for commercial use. They cost 
$7 to $9 (standard bulbs cost $3 to $6). 
Lamps for home use could follow in a 
couple of years. 


Turning over a new leaf 


Yard waste, said to account for some 
18 percent of the garbage we toss, 1s 
increasingly being banned from land- 
fills [(“HNF,” July '90; “Winning the 
War Against Garbage,” Oct. '90]. One 
way to handle it is composting, but 
critics say this method can require as 


much space as a landfill, and it can | 


create unpleasant odors. 


Starting this fall, Resource Recovery | 


USA of Edison, N.J., will offer a differ- 
ent recycling idea: The company will col- 
lect leaves and transform them into 
products such as fire logs and nonstruc- 
tural building and packaging materials. 
“All of our products will be environ- 
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OVER 1270 PLANS! 


We've revised and expanded our Category Series 


| | to bring you the finest home plan collection ever 


assembled. Includes 382 fresh new plans plus hun- 
dreds of bestselling favorites. All styles from excit- 
ing Victorians and Tudors to new California and 
Southwest designs. Many plans offered with our 
exclusive matching Landscape or Deck Plans. 


F Sendme: 
O 470 ONE-STORY HOMES $8.95 
g Ci 478 TWO-STORY HOMES $8.95 

O 312 MULTI-LEVEL & HILLSIDE HOMES $6.95 
Į O 258 VACATION & SECOND HOMES $5.95 
jj © ALL 4 BOOKS JUST $19.95 

(A $30.00 Value — Save $10.85) 

D Sales Tax (AZ residents add 5%; 


Mi residents add 4%) O-—XN 
Postage $ — 2.50 
Total Enclosed 


SAVE OVER $1 0! 


Pick the type of house you want — one-story, two- 
story, multi-level or vacation. Or, order all four 
books for $19.95 and save $10.85. 

Available at your local bookstore, or 
F> CALL TOLL FREE 1-800-322-6797 


6b or mail this coupon. 


Name 

Address ———————————d3 
City — 1 111 State  zp |] 
CANADIAN CUSTOMERS: Add 20% to prices and send in 
Canadian funds to Home Planners, Inc., 20 Cedar Street 

p Kitchener, Ontario N2H 2W8 PSMI3 : 
ÀT HOME PLANNERS, INC. 


Dept. BK, 3275 W. Ina Road, Suite 110, Tucson, AZ 85741 
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mentally sound,” claims John Wagner, 
president of Resource Recovery. “They 
will be used completely or be recy- 
clable. We don’t want to create prod- 
ucts that will end up in a landfill.” 
Wagner decided to recycle leaves af- 
ter watching a 1988 TV show about 


| the pending leaf crisis. While he knew 


that burning leaves had been banned 
for years, he learned that leaves were 
also now being banned from landfills. 

Wagner claims his technology is 
cheaper than composting. A mobile ma- 
chine removes debris and moisture 
from leaves, which are then transport- 
ed, baled, and stored in a warehouse. 
“When the leaves come out, they are 
dry and odor-free," Wagner says. The 
leaves are then mixed with a binding 
agent and hydraulically compressed in- 
to a mold. If the intended product is a 
fire log, for example, paraffin wax is ad- 
ded. Polyester resin will be used to bind 
the nonstructural building materials. 

New Jerseys Department of Envi- 
ronmental Protection and Middlesex 
County have given Resource Recovery 
temporary approval to collect and pro- 
cess 20,000 cubic yards of leaves in a 
pilot project. 

“Since it’s the first time something 
like this has been proposed, we have to 
look at it carefully,” says Brian Petitt 
of the DEP. “Once Wagner proves that 
his technology arrests natural biologi- 
cal decomposition by removing air and 
water from the leaves, then we may 
consider it a recycling facility rather 
than a composting facility,” Petitt says. 

Resource Recovery “is definitely 
worth the risk of a trial,” says Peter 
Strom, Rutgers University associate 
professor of environmental science. 
Strom helped Wagner develop guide- 
lines to test the technology. However, 
“If the leaves are not dry enough, they 
can begin to decompose, causing an 
odor. It starts off smelling like vinegar, 
becoming more like unlit pipe tobacco, 
and then, if it sits long enough, it has 
an obnoxious barnyard odor. 

“There is also the far-fetched chance 
of spontaneous combustion,” Strom 
continues. “If the moisture content is 
too high, the leaves will begin heating 
up as they decompose and could burn.” 

However, Wagner claims that tests 
on samples of 1,000 cubic yards of 
leaves that were processed in 1989 
show the moisture has decreased sig- 
nificantly. “I recently soaked a bale for 
three days with a garden hose. Even 
after moisture was reintroduced, the 
temperature remained the same. This 
leads me to believe that once the 
leaves have been processed and have 
stabilized, they remain stabilized,” 
says Wagner.—Barbara Tunick 
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Meet Attila, a buglike 
robot that may lead to 
artificial intelligence 
applications in space, 
medicine—and even 


for the backyard lawn. 


oving with slow 
but purposeful 
steps, six-legged 
Genghis makes 
its way across 
the bright-blue 
linoleum, re- 
lentlessly stalk- 
ing a person it has spotted with its 
infrared eyes. But Genghis isn't a Sat- 
urday matinee monster (although its 
awkward antics are reminiscent of 
Godzilla); it is an artificially intelligent 
robot, albeit one that 1s as simple- 
minded as an insect. 

Genghis and its successor, Attila, 
represent a promising, pared-down ap- 
proach to artificial intelligence re- 
search. And their descendants may 
help bring about a future that sounds 
like science fiction—scouring a Mar- 
tian plain for signs of life, venturing 
into nuclear plants steeped in radio- 
activity, or, in miniature, chipping off 
cholesterol deposits in human arteries. 

"Artificial intelligence has been my 
obsession since I was ten years old," 
confesses Rodney Brooks, an associate 
professor of computer science at the 
Massachusetts Institute of Technol- 
ogy. “I believe that the fascinating 
questions of what we are and how we 
think can be answered by building 
synthetic versions." 

Traditional artificial intelligence (AI) 
research has been synonymous with 
huge computers churning through 


complex programs as scientists at- 
tempt to coax a machine into exhib- 
iting the same independent thought 
processes that humans perform with 
ease. But when Australian-born 
Brooks began working on a fresh 
approach to AI five years ago, he took 
his cue not from humans, but from a 
simpler life form—insects. 

“Insects are highly successful at 
operating in real-world environments, 
even though their nervous systems are 
minimal,” explains Colin Angle, a grad- 
uate student and coordinator of the 
MIT Mobile Robotics Lab’s walking 
robots. To mimic these abilities, Brooks 
devised a robotic scheme that relies on 
a set of nearly autonomous reflexes he 
calls “behaviors” that are loosely coor- 
dinated to work toward a common 
goal, such as making the robot walk or 
climb over an object. Such a system 
doesn't store the information it needs 
to perform a particular task, but in- 
stead acts upon the immediate infor- 
mation that its sensors provide. This 
method—achieving complex tasks by 
first mastering basic abilities—has 
been called a “bottom up” approach. 

“Once you build up a rich set of 
behaviors with robots,” says Angle, 
“you may find that a difficult-looking 
task and your perceptions of it have 
been greatly simplified.” 

The first of Brooks’s robots to think 
for itself was Allen, a 3'2-foot-tall robot 
created in 1986 that could avoid ob- 


By JUDITH ANNE YEAPLE 


This close-up shows the hardware on Attila’s legs. The 
robot relies on various sensors located on its legs to 
gather information about its environment. 


stacles, follow walls, and find doors. 
Allen was soon replaced by Herbert, 
which, with a substantial increase in 
sensors plus a gripper arm, became 
talented at snatching soda cans off 
laboratory desks. 

But no matter how many cans it 
found, Herbert had limitations. For 
example, its wheels could only operate 
on smooth surfaces—not on the varied 
textures that exist in an uncontrolled 
environment. So, in 1988, the research- 
ers turned to making legged robots 
that could navigate over many differ- 
ent terrains. 

The result was Genghis, built by An- 
gle, then an undergraduate, and pro- 
grammed by Brooks. Powered by the 
same type of storage batteries used for 
model electric racing cars, one-foot-long 
Genghis gamely found its way over the 
thick textbooks the researchers set in 
its path. Other buglike robots followed, 
and the MIT research group earned a 
nickname—the Insect Lab. 

another six-legged robot that, 


A when finished, will carry sensory 
equipment and have legs built for 
scaling steep slopes. At the culmina- 
tion of the lab’s work, the researchers 
hope Attila will become the prototype 
for robots built for work in space and 
other uses. 

The building blocks of Brooks’s form 
of artificial intelligence are primitive 
responses to stimuli. Thus most of 
Genghis’s “thought,” collectively, is 
driven by sensors on its head and six 
legs. And for an AI approach, its com- 
putational power is modest. "Genghis's 


ngle’s current project is Attila, 


computer ‘brain’ is only as powerful as 
an original IBM PC,” remarks Angle, 
“and Attila’s brain is like an Apple 
Macintosh IT.” 

The robots learn from the results of 
their actions. Angle gives this example: 
Each leg has a microprocessor that 
dictates when the leg should be lifted 
up or set down. This processor learns to 
coordinate with the rest of the robot's 
actions by paying attention to neigh- 
boring legs and their actions. If the legs 
are not moving in a sequence that lets 
the robot walk, the first microprocessor 
begins to figure out that it should dis- 
courage its leg from lifting when cer- 
tain other legs are raised. “Eventually, 
each leg figures out a set of values that 
will allow the robot to walk without 
falling down," says Angle. 

"Thats the key," he explains. "Walk- 
ing isn't a terribly complex thing to 
learn because the robot has direct feed- 
back when it lifts a leg versus when the 
body falls down.” 

These behaviors are loosely linked 
with more complex ones, permitting 
breadth in the types of situations that 
the robot can handle. “We programmed 
Genghis with different layers of be- 
haviors," says Angle, “so that each leg, 
for example, might have a number of 
behaviors, and there might be cen- 
tralized ones too. But each behavior on 
its own can't do too much." 

What lets the robots coordinate sev- 
eral movements at once has to do with 
the way these behaviors interact. Unlike 
traditional AI methods in which the 
machines think in a series of steps, 
these robots' behaviors are arranged in 


parallel: Each one kicks in when needed 


HEN a 


Genghis was the Insect Lab's first — robot. It’s — with a " affiliated collection , 
reflexes that let it tackle fairly complex problems, such as climbing over an obstacle. 
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and doesn't necessarily operate in re- 
lation to other behaviors also at work. 
^Here's an analogy," Brooks says. 
“Suppose I tell you how to get from my 
office to the elevator. I might say, 'Go 
out this door, down the corridor, turn 
right at the glass door, then turn left.’ I 
don't say, ‘By the way, make sure you 
don't run into anything while you walk.’ 
That's just an assumed competence." 

Genghis's "thought" patterns work in 
the same way. “For example, some of 
Genghis's higher-level behaviors may 
work with its infrared sensors," Brooks 
says. "When the sensors detect a per- 
son, these behaviors send messages to 
the legs on the left saying, perhaps, not 
to swing backward so far, which forces 
the robot to turn and follow the person. 
Now these particular behaviors arent 
worried about the walking coordina- 
tion; the behaviors are just modulating 
its walk as a result of what the robot's 
sensors say. And out of that process, 
the robot follows the person around, 
while still happily climbing over obsta- 
cles and doing other normal behaviors.” 

And because the behaviors are ar- 
ranged in parallel, Brooks says that 
higher-level behaviors can be added or 
subtracted easily, without having to 
alter the lower-level ones—for more 
complexity. 

“The goal of my project is to build 
these artificial creatures, or robots, 
that can move autonomously about in 
the world,” Angle says. “And they can 
only do that if they have enough in- 
formation about the terrain to be able 
to survive.” 

To this end, Genghis’s and Attila’s 
appendages serve the robots well. 
“Legs are wonderful,” remarks Angle. 
“If you mount sensors on them, they 
can tell a lot about the environment 
just by walking through it. It’s almost 
impossible to get similar amounts of. 
information from wheels because the 
robot has to sense every bit of ground 
that it rolls over. That creates a con- 
tinuous-sensing problem. But legs step 
only at certain points, so they dramat- 
ically reduce the amount of information 
needed to guarantee the safety of the 
robot.” 

For such ingenious robots, the sen- 
sors parts are surprisingly common. 
"All of our sensors are made from off- 
the-shelf components," Angle says, “but 
we put them together in custom ways. 
For example, we might combine a 
strain gauge from one company and 
power amplifiers from another." 

Attila, in particular, will bristle with 
sensing equipment. "There are 150 
sensors on Attila of twelve different 
types," he explains. “Each leg has a 
proximity sensor that tells when that 
leg is within two inches of an obstacle. 
Another foot sensor looks downward 
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Members of MIT's Mobile Robotics Lab show off some of their recent achievements. The robots vary in size from one cubic inch to 3/; feet tall. 


and senses optically whether the leg is 
touching the floor or not. It knows 
when the foot touches something so 
soft that other sensors don’t register it." 

A third leg sensor monitors the color 
of the floor. “With this sensory com- 
bination the robot may be able to figure 
out that if it’s walking on something 
both soft and green, it's walking on 
grass, Angle explains. “And so the ro- 
bot can decide not to lift its legs high to 
step over the grass since it doesn't 
hinder its walking—even though the 
proximity sensors detect something in 
front of it." 

With its tactile-sensing whiskers 
outstretched to touch nearby objects, 
Attila's head reinforces its buglike 
profile. The head is outfitted with a 
CCD camera, roll-and-pitch inclinome- 


ters for balance, and a point range find- 
er, which sends out a scanning beam of 
infrared light to judge how far away 
looming obstacles may be and whether 
they're too big to try to clamber over. 
"There's also a gyroscope to give the 
robot an idea of what ‘straight’ is,” 
explains Angle. “You can imagine how 
easy it is for it to get turned around 
when climbing over obstacles. With the 
gyroscope, 1t can maintain a constant 
heading.” 


ne of the quirks that artificial 
intelligence brings to the robot is 
the ability to respond to the 
same situation in a variety of unpre- 
dictable ways, just as a human being 
does. “In a reactive system, the terrain 
dictates the robot’s path,” Angle ex- 


plains. “If you watched a person run 
through a boulder field ten times, he 
would do it differently each time. But 
he'd do it in such a way, hopefully, that 
he wouldn't sprain his ankle or trip and 
fall. Similarly, when one of our robots 
traverses a terrain, it’s nearly impos- 
sible to predict exactly how every foot is 
going to step. 

“The idea is to endow the robot with 
the proper reactions so it can go through 
its motions stably or cross obstacles 
without tripping,” he continues. “It’s not 
really fair to expect it to do the same 
thing each time. And if it did, I think it 
would be a pretty boring system.” 

The MIT researchers set up special 
conditions to test their robots in rig- 
orous “real world” situations. “We re- 


[Continued on page 86] 
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an the United States 

establish permanent 

manned bases on 

the moon and Mars 

within the next eight 

years and at the bar- 

gain price of $10 bil- 

lion? That's the dar- 

ing proposal of a trio of maverick 

scientists from Lawrence Livermore 

National Laboratory in California. 

Team leader and Edward Teller pro- 

tégé Lowell Wood, his wife, Muriel 

Ishikawa, and Roderick Hyde are the 

master builders of the Great Ex- 

ploration, an innovative and highly 

controversial response to President 

Bush's call for renewed efforts to 
reach the moon and Mars. 

The team concluded that it could 


The American space program may be ex- 
periencing its darkest hour. But dramatic 
new approaches—both technological and 
political—may turn the U.S. effort around. 


By TOM DWORETZKY 
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meet an ambitiously tight deadline if 
it stuck to the bare necessities: habit- 
able space and “gas stations” in low 
Earth orbit by the end of year two; an 
orbiting electrolyzing plant to make 
cryogenic fuel (liquid hydrogen and 
oxygen) from water launched from 
Earth; a lunar base in year four; a lu- 
nar-orbiting gas station—with an op- 
tional lunar fuel factory by year five; 
and a Mars expedition heading off by 
the sixth year to found a Mars base in 
the seventh. 

Lowell Wood spent much of the first 
half of 1990 promoting the Great 
Exploration, and in the course of do- 
ing so managed to step on toes from 
Washington, D.C., to California. After 
the initial fury abated, however, the 
National Space Council, headed by 


300,000 7 
ADAY 


Vice President Dan Quayle, decided to 
treat the Livermore proposal serious- 
ly, if only as a foil to NASA's own re- 
sponse to the president’s Moon-Mars 
Initiative. The obviously bloated 
NASA “90-Day Study” calls for a 
$300 billion 30-year effort to land peo- 
ple on the moon and Mars. Debate has 
raged over this and other NASA con- 
troversies ever since. 

The Lawrence Livermore proposal 
is decidedly no-frills, In fact, the Great 
Exploration works out to about 
$350,000 per day over the course of its 
eight years. It offers its crew members 
the lifestyle of offshore oil-rig workers 
and submariners—laborious, Spartan, 
and often dangerous. 

No one in the space community 
doubts the enthusiasm or abilities of 
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Wood—the man who led the 
Livermore charge for the X-ray Laser 
and the Brilliant Pebbles portion of 
President Reagan's “Star Wars" pro- 
gram (neither of which has worked as 
smoothly nor cost as little as adver- 
tised). But to understand the reasons 
space experts have found the Liver- 
more proposal provocative but flawed, 
you need to delve into some of the key 
trade-offs Wood's plan makes to cut 
costs and speed up the deadline. 

The most focused criticism has 
been raised by a team at the Johnson 
Space Center in Houston headed by 
special assistant to its director Clarke 
Covington. His group informally re- 
viewed the Livermore proposal hop- 
ing to identify promising ideas for 
agency managers and technical per- 


sonnel. Wood obtained a working copy 
of the internal and unofficial report 
(allegedly through a source who was 
not authorized to release it). Wood 
then did something that created bad 
feelings in both the space and politi- 
cal community. Wood produced Liver- 
more document No. SS 90-9. This 
48-page tract included extensive ver- 
batim excerpts from what was called 
"the original, NASA-attributed docu- 
ment" and frequently abrasive re- 
sponses to the critiques. 

For example, one of the Great Ex- 
ploration's most important assump- 
tions is that existing rockets, such as 
the Titan and Delta, will be able to lift 
both crew and pre-assembled groups 
of inflatable modules into orbit and to 
the lunar and Martian surfaces. The 


maximum payload on these launchers 
is 110,000 pounds. Star Wars studies, 
according to Wood, support both the 
feasibility of this plan and its low 
costs: a mere $1,000- to $1,200-per- 
pound price tag. 

The NASA reviewers took issue 
with using the non-man-rated rockets 
to lift crew members. The Livermore 
team's stinging response: "The docu- 
mented design reliability of one of 
these two heavy-lift vehicles is twice 
that of the a posteriori reliability of 
the shuttle...This calls into basic ques- 


To explore the Martian surface t É 
crews will cover large distances in a L 
about.” It will be equipped to carry a Ro- 
ver, din ig local investigation as well. 
The lunar base will be similarly equipped. 


NASA'S NEW DIRECTION 


The Advisory Committee on the Future of 
the United States Space Program. It's the 
formal name of the 12-member panel con- 
vened by Vice President Dan Quayle that 
last December issued a near-bombshell re- 
port that will drastically alter NASA's goals 
and practices. 

The report addressed many of the issues 
raised in our July 1989 cover story, "Is the 
U.S. Lost in Space?" wherein experts both 
in and out of NASA debated a number of 
crucial questions plaguing a post-Chal- 
lenger space program in disarray: 

What should the role of the space station 
be? Was it wise to place so much reliance 
| on the shuttle? Make joint expeditions to 
Mars with the Soviets? Launch more un- 
| manned space-science missions and de- 
| emphasize manned missions? Help solve 
environmental problems through a major 
effort to monitor Earth from space? 

NASA's management techniques re- 
ceived some harsh criticism, even from a 
former NASA administrator, Thomas O. 
Paine. And the way NASA does business 
is, of course, a particular béte noire of 
Lowell Wood, whose unorthodox plan to 
colonize Mars is the subject of the accom- 
panying article. 

Former astronaut Sally K. Ride in a now- 
famous report counseled, "Only with a clear 
strategy and goals will the country be able 
| to regain and retain leadership in space." 

Headed by Norman H. Augustine, chair- 
man of Martin Marietta Corp., the commit- 
tee issued a report that clearly supported 
the views of those scientists like Bruce 
Murray and James Van Allen who decried 
our dependence on the shuttle and the 
dearth of unmanned space science pro- 
jects. It also concluded that some criticism 
of NASA's management style was “de- 
served and occasionally even self-inflicted." 

The report comes after months of leak- 
caused delays in the shuttle schedule, the 
Hubble Space Telescope fiasco (now at- 
tributed to both NASA management prac- 


tices and the telescope's builder), and most | 
recently last December's flawed Astro tele- | 


scope experiment aboard shuttle Columbia. 

The panel recommended that NASA stop 
building shuttles after the Endeavor, now 
under construction as a replacement for the 
Challenger, and instead rapidly create a 
fleet of new unmanned booster rockets ca- 
pable of launching payloads of up to 
150,000 pounds into low Earth orbit to re- 
lieve "some of the burden carried by the 
space shuttle." 

The report warned that the nation should 
be prepared to face the statistical probabili- 
ty of the loss of another shuttle with its crew 
during this decade. Also, shuttle missions 
should be flown only when the unique skills 
of trained astronauts are essential. (The 
shuttle can boost 39,000 pounds into low 
Earth orbit; the Soviets' giant Energia 
booster, 200,000 pounds.) 

The new unmanned rockets would be 
used both for science missions and for 
hoisting components of the space station. 

It is space station Freedom that was hit by 
the most draconian recommendations of 
the report. Now grandiose in conception, 
mission, and cost—perhaps $35 billion dur- 
ing the 1990s—Freedom should be utterly 
recast, reduced in both scale and complexi- 
ty, a mandate already urged by Congress. 
Its primary mission, the report stated, 
should be in the life sciences, specifically 
the effects of microgravity on human physi- 
ology and psychology. A second important 
task would be experimenting with fabricat- 
ing unique materials in space. 

One of the most satisfying aspects of the 
report to space scientists was the keynoting 
of basic scientific research, both in space 
exploration as “Mission from Planet Earth” 
and in observing Earth's fragile biosphere 
from space as “Mission to Planet Earth.” Dr. 
Gerald Soffen, a veteran of NASA's space 


science programs,says, “This report is fan- | 


tastic. It's more than just a Band-Aid...a tru- 
ly visionary statement." —Arthur Fisher 


FROM EARTH TO MARS IN 8 YEARS 


. Design, procurement, launch, and deploy- 

. ment of the Earth station and low Earth or- 

. bit (LEO) “gas station" (electrolyzing plant) 

. to manufacture cryogenic fuel from Earth. 
The Earth "package" is launched into LEO 
via an expendable heavy lift vehicle (HLV). 


LAR WARPOLE 


tion the value added by the ‘man-rat- 
ing’ process in the real world.” 

In simple terms, Wood and his 
Livermore team were saying that 
post-Challenger observations indicate 
the man-rated shuttle isn’t half as 
safe as the launchers they propose to 
use. But many components, such as 
redundant computers for guidance, 
would have to be added to these rock- 
ets to conform to presently accepted 
safety standards for manned flight. 
Moreover, Covington states simply 
that Wood’s reliability numbers are 
“plain wrong.” Says space historian 
John Logsdon, “Wood’s approach is, 
‘Screw it, we'll just take a high risk.’ I 
don’t think that’s socially acceptable. 
The vision of society underpinning his 
approach is not the vision that moti- 
vates people to do space in the 1990s. 
We've passed the cowboy era." 

The most intriguing piece of Wood's 
proposal is the extensive use of dou- 
ble-walled 5-by-15-meter cylindrical 
Kevlar aramid-fiber inflatable mod- 
ules for use as habitats on the moon 
and Mars. These will serve as orbiting 
stations and fuel tanks in the orbiting 
gas stations. In fact, NASA tested 
small inflatable spheres in the 1960s. 
The Livermore scheme, however, 
scales up the idea beyond anything 
previously attempted in space. 

Each module has mounting hubs at 
either end for interconnection into 
larger structures. The theoretical ad- 
vantage of this approach is that an en- 
tire space station could be fully as- 
sembled and tested on Earth, then 
deflated and stacked moving-van style 
aboard a single rocket for launch. 

NASA reviewers themselves think 
that "inflatable structures have a lot 
of advantages when volume is needed." 
As a matter of fact, the NASA 90-Day 
Study also calls for such struc- 


Design, procurement, and 
launch into LEO via HLVs of 
the lunar base, lunar fuel 
factory, and low lunar orbit 
(LLO) gas station. The lunar 


package departs LEO for 
the moon. The base lands 


and deploys on the moon; 
the lunar fuel factory and 


LLO gas station follow. 


This optional solar- 
)wered lunar fuel 
ctory | 
meia d odd 
out hydrogen and 
oxygen, po to 
be used as fuel for the 
Mars vehicle. When 


tures, albeit only on the lunar surface. 

Covington’s review team at the 
Johnson Space Center, however, ob- 
jected to the optimism of the Liver- 
more design, advising that the inte- 
gration and assembly of such systems 
within a station—and not the shell 
outside—are where the real costs and 
headaches lie. Space expert John Pike 
of the Federation of American Sci- 
entists agrees. “I don’t see what sub- 
stituting the Kevlar for metal is sup- 
posed to accomplish,” he says. “It 
doesn’t eliminate mechanical, electri- 
cal, or life support systems inside the 


YEARS 0-8 
Design, procurement, and launch of 
the Mars package into LEO via an 
HLV. The Mars vehicle deploys and 
is fueled either at the LEO or LLO 
gas station. Roughly at the end of 
year 6, fully fueled, the Mars vehi- 
cle departs LEO for Mars. The crew 
may land on a Martian moon ini- 
tially or orbit Mars, then deploy an 
orbiting gus station and establish 
the Mars base and fuel factory. 


pressure vessel. And since the innards 
are the most expensive part, I dont 
see the point. It's like replacing a can 
holding diamonds with a bag holding 
diamonds." 

"Livermore also assumes," Coving- 
ton cautions, "that all the checking 
and tinkering in orbit can be done 
with a screwdriver and pliers. Their 
plan lets astronauts finish the devel- 
opment process with the incentive 
that if they don't get it done, they die. 
This seems to me to be a naive under- 
standing about the way things work. 
In the real world, the sorts of things 


ORBITING 
MARS 
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STATION 


that you must do to fix hardware 
means sending more stuff up from the 
ground. Orbital operations cost 
$100,000 an hour. So repair time is 
extremely precious compared with 
the same work on the ground, where 
it's basically free. Also, you'll need to 
orbit tools and parts at $10,000 per 
pound." 

Another critical component of the 
Great Exploration is its use of amor- 
phous silicon solar panels. Energy is 
paramount in space. If we had fist- 
size nuclear reactors that put out all 
the power we could dream of using, 
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ern lur the Earth station 

( inset) serves as a qualifying 
environment for the Mars crew and 
equipment. Below it, the Mars transit 
vehide fuels up from one type of orbit- 
ing gas station. 

This HLV (bottom) contains the in- 
flatable Kevlar Mars vehide, packed 
moving-van style. It typifies the launch 
to LEO of the Earth and lunar packages 
as well. Inflatable vehides arrive in or- 
bit pre-linked. 

Opposite page, left to right: from 
the past, the Apollo Lunar Saturn V 
rocket; an HLV capable of lifting the 
300-foot-long Earth station (third from 
the left), the lunar base (top), or the 
Mars vehicle. 
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space might be a place from which 
people commuted to Earth. 

Based in part on a solar device pro- 
duced by a former NASA subcontrac- 
tor (that, it is rumored, had trouble 
delivering on time and at the specified 
efficiencies), the weight-to-power ra- 
tios the Livermore group came up 
with were found by NASA to be ex- 
tremely optimistic. When Covington 
pressed Wood in person on this point, 
Wood demurred, saying that the work 
behind the conclusions was classified. 
Why is the cell's weight-to-power ratio 
important? Because if the solar arrays 
have to be, say, 10 times bigger, then 
the deflated station won't fit into a 
single payload launchable by an off- 
the-shelf rocket. This, in turn, would 
demand the development of new, larg- 
er heavy-lift vehicles—a time-con- 
suming and expensive proposition. 


hile the NASA reviewers liked 
the Livermore idea of launch- 


ing hydrogen and oxygen pro- 
pellant into orbit in water form (be- 
cause it's safer and higher in density), 
they believed that the power require- 
ments to electrolyze the water into its 
two components and liquefy them 
would force the gas station solar array 
to be 15 times larger than Wood's 
team had proposed. 

The Livermore response claims that 
the technical literature contains a 
number of papers reporting large- 
scale water electrolytic cells that oper- 
ate at only 75 to 85 percent efficiency. 
“It is obviously possible," states the 
Livermore team, "to point to water 
electrolytic cell technology, which is as 
low in efficiency as one would wish." 


If Wood's estimates are wrong con- 
cerning the solar cells, he may find 
that the cells will have to be extreme- 
ly large to provide enough power— 
even if his electrolytic cells are highly 
efficient. 

Should the Great Exploration's 
power calculations prove correct, it 
should be possible to send fully as- 
sembled bases to the moon and Mars. 
These would deploy automatically 
using an air-bag ejection, followed by 
the sequential inflation of the mod- 
ules. The solar panels would also de- 
ploy automatically. Says Covington, 
"I don't want to be confrontational 
here, but look at the Livermore pro- 
posal again and see if everything is 
really on-the-shelf today, like auto- 


‘mated deployment systems on the lu- 


nar surface. You can say there is no 
new technology involved, but is that 
really so?" 

The Great Exploration also as- 
sumes a different set of political, man- 
agement, and procurement standards 
than that to which NASA has histori- 
cally been held. It would, for example, 
accept a higher risk of death in space, 
which violates a philosophical position 
subscribed to by virtually all in the 
space community and society at large. 
Moreover, for political and philosoph- 
ical reasons, past space initiatives 
have been used to bootstrap the re- 
search and development of novel tech- 
nologies—the opposite of the Liver- 
more off-the-shelf approach. 

Because of the delicacy of the pre- 
sent state of the Moon-Mars Initia- 
tive, no one at the National Space 
Council will speak on the record about 
Wood's plan. But according to one ad- 


ministration source, the council de- 
cided that technology development 
was more important than meeting a 
fast deadline. The group, neverthe- 
less, decided to give Wood's proposal 
visibility because it showed NASA 
(whose 90-day Study was considered 
outrageously slow and overpriced) 
that there were other mission archi- 
tectures out there. 

Livermore's Edward Teller, best 
known as the father of the hydrogen 
bomb, recalls the gathering: "There 
was an informal discussion connected 
with the vice president's office that 
included a widely different assembly 
of usually disagreeing factions. We 
endorsed nothing...but we said with 
complete unanimity that proposals, 
such as this attempt at a modest, 
shorter, and yet, in its aims, very im- 
modest plan, must be pursued.” 

In the end, whether Livermore’s 
Great Exploration—or at least some 
parts of it—ever moves from slide 
presentation to orbit, Wood’s confron- 
tational style will have served one im- 
portant purpose: Thanks to his as- 
sault on the NASA establishment, the 
space agency has launched a massive 
outreach program to the technical 
community. NASA administrator 
Richard Truly sent out 3,200 person- 
ally signed letters to academic insti- 
tutions asking for just such ideas, and 
the National Space Council is bring- 
ing researchers at the Departments 
of Energy and Defense into the effort. 
A new group, headed by former astro- 
naut Thomas Stafford, has been 
formed to evaluate the plans that will 
come in over the next year from a va- 
riety of sources. 

Maybe Lowell Wood said it best at 
a U.S. Space Foundation meeting in 
Colorado Springs, Colo., last April: “It 
has been remarked that no man is an 
apt judge of his own work. Evidently, 
the national leadership believes that 
it will get substantially better offers if 
it accepts a substantial delay. For the 
first time since 1958, it specifically 
mandated two other agencies to take 
part in the manned exploration effort. 
It specified the creation of a multiplic- 
ity of architectures and, very impor- 
tantly, the demonstration of the tech- 
nology needed to enable those 
architectures.” 

Even if we don’t make it to Mars by 
decade's end, the Great Exploration 
may have accomplished its most im- 
portant mission after all. It opened 
the Moon-Mars Initiative to all com- 
ers. It might be a rough-and-tumble 
way to swing the doors of opportunity 
wide to others in the nation’s techni- 
cal community, but such a scientific 
street fight is likely a situation 
Lowell Wood won't mind at all. [E 
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Japan's solution to airport noise and 
congestion: Grind up a few moun- 
taintops, build an island, and land 

planes offshore 24 hours a day. 


By DENNIS NORMILE 


isitors standing on the roof of the Prince Ho- 
tel in Izumisano, Japan, can see a half-built 
bridge reaching from the shore toward an is- 
land in Osaka Bay. But it's the island, not 
the bridge, that captures their attention. A 
few years ago, that island didnt exist. Like 
the bridge, it's still under construction. 

At the moment, the island is httle more 
than a giant sandbox, about 2'» miles long and *4 mile wide. 
But it's slowly being transformed into Kansai International 
Airport, a gateway-through which as many as 30 million 
travelers will pass each year. Covering some-1,263 acres, the 
island will have shops, a hotel, and even a sewage treat- 
ment plant. One of the most ambitious construction projects 
ever, Kansai Airport is expected to cost at least $10 billion. 
When the price of high-speed transportation links and 
coastal reclamation on the mainland are included, the pro- 
ject will be more expensive than the building of the tunnel 
under the English Channel. 

Situated in the southeastern part of the bay, about three 
miles from shore, the airport island is at the hub of a bus- 
tling region encompassing the cities of Osaka, Kobe, and 
Wakayama. Ferries will carry passengers from the airport 
to Kobe. To reach the other cities, passengers will use the 
bridge, which will have an expressway for cars and buses 
on its upper deck and train tracks below. The trip from 
downtown Osaka to the airport will take less than an hour, 
according to Kansai International Airport Co. 

Nobuyuki Higuchi, a spokesman for the Osaka-based 


company, explains that the bay site was chosen largely to 
keep noise away from residential areas. Most of Japan's ex- 
isting airports are located near densely populated cities. 
There's no land available for the construction of new run- 
ways, and local officials don't permit night flights. But Kan- 
sai’s aircraft approach patterns will be over open water, so 
the airport will be allowed to operate 24 hours a day—the 
first to do so in Japan. Although it will have just one run- 
way, Kansai will be able to handle as many as 160,000 
takeoffs and landings a year. 

Putting the airport in the bay solved noise and conges- 
tion problems, but created a host of technological problems. 


The biggest was how to cope with the inevitable settlement 


of the reclaimed land. 

By June 1989, two years after construction began, work- 
ers had completed the sea wall that surrounds the island. 
They then began dumping rock and soil into the huge en- 
closure, in which the water was 59 feet deep. By the time 
the island is finished, workers will have transported more 
than 220 million cubic yards of fill to the site, enough to 
pack the Houston Astrodome more than 250 times. 

To supply all that material, contractors are slicing off the 
tops of three mountains in the area. The rock is crushed in- 
to gravel, transported to shore, and barged to the site. The 
leveled mountains will become residential and park land. 

The island is being built atop a soft, water-saturated allu- 
vial clay layer 66 feet thick. Beneath that is a firmer diluvial 
clay layer approximately 1,000 feet thick. If new fill was simply 
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BUILDING THE BASEMENT 


To speed the consolidation of the upper, alluvial clay layer be- 
neath the island, engineers used three techniques: sand drains, 
sand compaction piles, and deep mixing. 

Workers installed one million sand drains (below). First they 
spread a 4.9-foot layer of sand over the entire site. They drove 
15-inch-diameter tubes into the alluvial clay and filled them with 
sand. Then they withdrew the tubes, leaving shafts of sand in the 
clay. Squeezed out of the clay by the weight of the fill, water 
flows up the sand drains and out through the sand layer. 

Sand compaction piles were used beneath the vertical portions 
of the sea wall, where ships will dock. Because the caissons 
forming the vertical walls are heavy, engineers strengthened the 
clay stratum by driving 6.6-foot-diameter casings into the clay 
and pouring sand into the casings, compacting it with a vibrator 
or a driving hammer. The piles are closely spaced to form a stiff 
mass of compacted clay and sand. Sand compaction piles, how- 
ever, cost roughly twice as much as sand drains. 

At the two corners of the island facing the sea, engineers 
wanted solid benchmarks for the filling operation. There they in- 
jected a cement slurry into the soil from the ends of rotating 
shafts. As the shafts bored into the clay, spinning paddles mixed 
the cement with the soil. The result was a rigid, concretelike 
mass. The method was too costly to use extensively. 

Construction workers outlined the perimeter of the island by 
building a sea wall made of sand and rubble. To prevent wa- 
ter from washing away the wall, divers placed stones on the 

outward slope. Once the wall was in place, the workers 
then began filling in the enclosure with sand 
and gravel.—D. N. 
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HOME 


High-capacity optical fibers in telephone 
networks promise dial-up high-definition- 
TV movies, picture phone service, elec- 
tronic catalog shopping, and more. 


By JOHN FREE 


n engineer at a Bell Communications Re- 
search (Bellcore) laboratory slips a high- 
definition videodisc into a Sony player. Mo- 
ments later, identical super-sharp pictures 
—a rocket launch, colorful nature scenes, a 
parade, bizarre microscopic creatures—ap- 
pear on two 18-inch monitors. In an adja- 
cent mini-theater at the Red Bank, N.J., 
lab, these images are stunning on a nine-foot wall-size screen. 

Bellcore, the research and engineering arm of the seven 
regional Bell companies, isn't touting high-definition TV 
(HDTV) equipment. Instead, the demonstration shows off a 
new method of transmitting advanced television signals 
with optical fibers. 

Here's what happens: Video signals from the $10,000 disc 
machine go directly to one monitor as a reference picture. An 
identical signal is sidetracked. This video is converted into 
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on-or-off binary digits—bits of data—and compressed to re- 
duce the amount of data. The compressed HDTV signal is 
then converted into bursts of light that are beamed through 
five linked grapefruit-size spools of optical fiber. Finally, af- 
ter a 26-mile journey, the light 1s transformed back into elec- 
trical signals and displayed. Compare both screens closely, 
and you can’t detect any difference in picture quality. 

Using similar technologies, telephone researchers are 
planning a complex network of hair-thin glass fibers to 
deliver HDTV and a wide range of additional entertain- 


ILLUSTRATION BY CARY HENRIE 


ment and information services to homes in the 1990s. 
"Such a network would accommodate enormous quanti- 
ties of voice, data, and video traffic, transmitted simulta- 
neously,” explains James Johnson, chairman and chief ex- 
ecutive of GTE Corp. What makes fiber-optic delivery into 
homes possible, say planners, are technology advances 
that will soon make such networks competitive with con- 
ventional copper-wire installations. 

Funding such an immense project would cost more than 
$230 billion over several decades, Bellcore estimates. To 


make this investment economically feasible, phone compa- 
nies want new laws that would let them supply program- 
ming as well as carry it for other companies. Some cable-TV 
companies, broadcasters, and publishers strongly oppose 
the entry of such powerful competitors. 

As regulations governing fiber-optic delivery systems are 
being fashioned, some of the services being researched for 
such networks include: 

* Information systems—multimedia “magazines” that de- 
liver customized news and other information as text, video, 
and audio. 

* Video shopping—electronic "catalogs" for stores and real 
estate brokers that let customers dial up, browse, and buy. 

e Dial-up movies— automated libraries of videodiscs or 
tapes, to be selected for viewing and digitally delivered at 
the patron's convenience. 

* Picture phones—small-screen videophones for two-person 
calls, plus large-screen systems for group teleconferencing. 


web of glass fibers is already being spun between 
telephone company switching offices, into businesses, 
between cities, and beneath the oceans to other coun- 
tries [“Optical Fibers are Taking Over Telecommunica- 
tions,” Oct. '87]. Telephone companies began switching from 
metal wire to glass fiber for some applications more than a 
decade ago because fiber offers significant advantages. 

One fiber edge: Light signals aren't disrupted by the elec- 
tromagnetic glitches easily induced in wires. But a more 
far-reaching advantage is that light flashing through ultra- 
clear glass isn't limited by the electrical properties of con- 
ductors. Twisted pairs of copper telephone wire or coaxial 
cable (coax) aren't practical for signals with extremely high 
frequencies, which are often used to carry high-bandwidth 
HDTV. That's because the capacitance and inductance of 
wire cables sharply weaken signals at higher frequencies. 
A digitized HDTV signal of one billion hertz, for example, 
falls off rapidly after passing through only 100 feet of coax. 

Repeater amplifiers for twisted-wire pairs must be spaced 
every mile, or every few thousand feet for coax. In contrast, 
light signals carrying billions of digital bits per second can 
travel tens of miles through optical fibers before re-ampli- 
fication is necessary. Fiber optic lines, for that reason, need 
fewer repeaters and are less expensive to maintain than 
strings of closely spaced wire-cable amplifiers. 

The flexible optical fibers have a narrow central core 
surrounded by a glass cladding. Tiny semiconductor 
lasers, which emit light at invisible infrared wavelengths, 
are often used to inject the signals into the fibers. Ad- 
vanced fibers, which have a fiber core about eight microns 
in diameter or about one-tenth that of a human hair, let 
through only a single light ray. Light is guided by total inter- 
nal reflection: The lower optical density of the glass cladding 
refracts light back into the core whenever it strays. As an 
analogy, picture bullets ricocheting along a slightly over- 
sized gun barrel. 

Optical transmission isn't perfect, of course. Eventually, 
the light pulses begin dispersing, spreading out, and becom- 
ing less distinct. New developments, however, are enhancing 
fiber performance even further. AT&T's Bell Laboratories, 
Bellcore, and others are perfecting optical amplifiers that do 
away with the conventional optical/electronic amplifiers 
used with fibers. Normally, light-sensitive diodes detect 
weakened light pulses, converting them into electrical sig- 
nals for amplification. These signals trigger new light pulses 
into the next fiber section with another laser. In one of the 
new optical amplifiers, a section of special optical fiber doped 
with the element erbium is spliced into the main fiber. A 
laser used with the erbium-doped fiber can then be triggered 
without first having to convert weakened light pulses into 
electrical signals. As a result, with no intervening op- 
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tical/electronic conversions to slow down transmissions, 
fibers can carry more information in the form of higher- 
speed signals. 

Last summer, Isotec, a Tucson, Ariz.-based patent-devel- 
opment company, announced it was refining “smart’-glass 
devices to boost the signal-carrying capacity of fibers dra- 
matically. The smart-glass technique uses optical elements 
with precisely formed layers of different optical densities. 
One Isotec device enables light beams with different colors 
or wavelengths to be combined, then beamed simultaneously 
through a single fiber. At the receiver, another optical ele- 
ment breaks the beam into its component colors again. 

With current optical fiber communications, a single beam 
at one wavelength carries many messages simultaneously. 
Each message is usually assigned split-second time slots. 
With Isotec’s transmission technique, many wavelengths 
(theoretically, thousands), each carrying time-divided mes- 
sages, can be used. Researchers in other laboratories are 
also investigating the enormous potential of this technique. 

These days, developing the optoelectronic circuits needed 


FUTURE FIBER SCENARIOS 


e NETWORK TV 
© CABLE NETWORKS 
\ ° LOCAL TV 
e MOVIE LIBRARIES 


e PRIVATE VIDEO SERVICES 
* INTERACTIVE EDUCATION 


' e MUSIC ON DEMAND 


© DIAL-UP ENCYCLOPEDIAS 
* MULTIPLE-STORY-LINE TELECASTING 
e MULTI-PLAYER VIDEO GAMES 


Improved telephone systems throughout the country are being updated with the integrat- 

ed-service-digital network (ISDN), which enables a single copper-wire phone line to car- 

ry voice, data, and limited forms of images at the same time. As glass fibers are installed 

in homes or to curbside terminals, a broadband ISDN (BISDN) for switching optical sig- 

nals must be installed at local telephone switching offices. The wide bandwidth, or high 

signal-carrying capacity, of BISDNs will handle dial-up video and other interactive sce- 
| narios shown here—as well as plain old-fashioned telephone calls.—4J. F. 
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to feed signals through fibers into your home is a relatively 
fast and inexpensive task. In his office, Bellcore engineer Ali 


Jalali manipulates a mouse connected to a computer work 


station, zooming in and enlarging sections of a colored cir- 
cuit diagram. “Years ago I used to make a design, have my 
lab people put the circuit together, then catch my many mis- 
takes,” he says, demonstrating a sophisticated computer- 
aided-engineering (CAE) program. “Now I can catch my 
mistakes before putting it together.” 

Jalali used the CAE software to speed the design of the 
five circuit boards Bellcore's digital video group uses to send 
and receive HDTV signals over optical fiber. After the pro- 
gram is given the project's design goals, it selects and links 
standard integrated circuits (ICs) as a simulation. Then the 
software outputs a layout file to a magnetic disk, to be used 
by an outside vendor's machine to produce intricate printed- 
circuit boards for the ICs. 

“A few years from now these circuits could be on a single IC,” 
says Jalali, holding up a green circuit board the size of a tabloid 
newspaper. Similar optoelectronic chips, mass-produced for 
telephone companies, will make fiber- 
to-the-home networks economically fea- 
sible. Bellcores initial HDTV circuits, 
created to show potential studio capabil- 
ity compress signals to 622 megabits 
per second (mbps). Also being re- 
searched are circuits for 155-mbps com- 
pression that would deliver more HDTV 
channels to homes through fibers. 


researchers are honing more 

equipment and software with po- 
tential fiber-to-the-home applications. 
As utilities, phone companies can't 
market these systems; projects are 
currently tailored for internal use. 

Inside one darkened lab room, re- 
searcher Tom Judd switches on a Sun 
Microsystems work station to demon- 
strate Bellcore's customized-infor- 
mation-delivery (CID) system. This 
delivery method—an interactive mul- 
timedia magazine or newspaper that 
combines text, video, and audio—is for 
casual users "drowning in informa- 
tion" who don't want to learn a com- 
plex query language, Judd explains. 
CID computers filter information and 
"only present the right stuff to the 
right person. Computers will make it 
possible to provide customized pack- 
ages of information to millions of 
subscribers," says Judd. 

Editorial information and adver- 
tisements for such multimedia publi- 
cations would be sent by publishers to 
intermediate data base storage 
points. “We envision a lot of these 
source data bases spread around the 
country—and eventually around the 
world," Judd says. Computers—Bell- 
core calls them customizing agents 
—will periodically prepare packages 
of information, depending on the pro- 
file subscribers establish. 

You could subscribe to everything 
from Albanian politics to Zunian cus- 
toms. Your local customizing comput- 
er could monitor whether you spend 


i n Morristown, N.J., other Bellcore 


TOM WHITE 


one or 30 seconds scanning pages, ask 
you to vote on how you liked certain 
articles, and gradually alter your pro- 
file. "The service should get better and 
better as you go along," says Judd. He 
draws an analogy between a "smart" 
CID service and a new secretary, who 
at first puts stuff on your desk that 
you're not interested in. 

Judd clicks a mouse and a Bellcore 
employee magazine appears on the 
high-resolution color screen. A cable 
network links the work station to a cen- 
tral bank of computers in the building. 
The magazine pages, with crisp text 
and photos, appear similar to printed 
publications. A navigation strip across 
the bottom of the screen shows what 
page youre on and how many pages re- 
main. Judd clicks through pages, paus- 
es at an article about jazz, and then, by 
clicking a special page symbol, starts a 
jazz sound track playing through a 
built-in speaker. “It’s pretty simple to 
have this digital network deliver a 
sound track,” he says. “It doesn't care 
what these bits are." 

Other parts of the magazine dem- 
onstrate an employee's vacation slide 
show, with spoken comments on each 
slide available at the click of a but- 
ton. When a video symbol near a still 
picture of a man is selected, for ex- 
ample, the still picture becomes a 
full-motion video—a description of 
Bellcore for its new workers to view. 

At another work station in a nearby office, Judd sum- 
mons images from an electronic clothing catalog, plus pic- 
tures of houses for a real estate service. The catalog, he ex- 
plains, is designed so you can tell the computer, "Show me 
things like that." “The system goes into the data and starts 
throwing out pictures at random," Judd says. Manipulating 
a remote control, he highlights several coats from a dozen or 
more displayed on the screen. Moments later, full-screen 
images of the selected garments appear, each with superior 
color and detail compared with the small pictures. *You can 
get through a lot of items very quickly and zero in on the 
ones you want," Judd says. Shop-at-home services would let 
you order products at the press of a button. 

The detailed pictures of houses demonstrate how fiber 
networks could also simplify home buying. Some video 
real estate services now in use have outdated listings. 
"There are people now actually making a videodisc every 
two weeks and mailing them out," says Judd. *But two 
weeks in the real estate business is a long time." With 
fiber networks, brokers and others would know about 
changes rapidly. “If someone comes in and says, ‘I’m mov- 
ing to California and need help,' you would dial up a Cal- 


ifornia data base," he explains. 
Fr search team—mostly psychologists—is figuring out 
how to prevent data base users from becoming lost as 
torrents of text stream from fibers onto computer or HDTV 
screens. Rapid access to information buried in technical 
books is crucial in many businesses, including phone compa- 
nies. Sitting near another work station glowing with elec- 
tronic pages, R. Daniel Ketchum gestures toward a shelf 
bulging with loose-leaf telephone-network service manuals. 
“Thats a huge amount of paper," he says, explaining that 


lsewhere in Bellcores Morristown center, another re- 


Technical staffers in Bellcore's digital video group are fine tuning technologies that compress high- 
definition TV signals and carry them through fibers without degrading image quality. 


many documents must be updated weekly. “As a result, ser- 
vice representatives have the manuals on their desks and a 
stack of inserts they haven’t put in yet.” 

Why not eliminate the paper shuffling and update the 
manuals in computer form? “It turns out that that usually 
makes things worse,” Ketchum explains. Computer screens 
often make it slower to look up information. “People get lost 
very easily,” he says. “They don’t know where to go.” With a 
book in your lap there are many navigational cues, such as 
tabs and section thicknesses. 

To help solve the problem, the Morristown researchers 
devised SuperBook, a computer program that simplifies 
browsing through electronic books and using them as ref- 
erences. Unlike related software that must be tailored to 
specific documents, SuperBook is able to process any text 
automatically. A remarkably detailed index involving ev- 
ery word is created, and the table of contents that is gen- 
erated can be expanded into sub-chapters and further 
subdivisions. 

At the same time, the program offers what the re- 
searchers call a “fish-eye view.” Explains Ketchum: “It 
gives you the detail where you need it, but it also gives you 
the context around the detail so you know where you are.” 
According to researchers, tests show that the browsing sys- 
tem lets users locate information about 25 percent faster 
and more accurately than they can in a printed book. 

Team leader Dennis Egan found that multimedia scientif- 
ic journals streaming through fiber-optic cables should em- 
phasize the figures (charts, graphs, etc.) they contain. Work- 
ing with Cornell University to organize chemistry abstracts 
into a SuperBook-like format, Egan discovered that for 
some people, figures are the most important elements in a 
technical paper. “Scientists will flip through journals look- 
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itting on opposite sides of a chessboard, two 
men were hunched over dueling computers, 
Deep Thought and Zarkov. “Zarkov thinks it's 
winning," reported one of. the men after con- 
sulting his screen. The other waited a minute 
for his computer to select its next move. Pro- 
| jected on the wall behind him was a giant 
| board showing the game's progress. 

Similar games were unfolding at three other tables. 
“Knight to B-five,” announced Michael Valvo, a chess In- 
ternational Master and the emcee for this event, the 21st 
annual North American Computer Chess Championship, 
hosted by the Association for Computing Machinery 
(ACM) last November in New York City. Only 10 blocks 
from the hotel where the world's two best players had bat- 
tled for the world championship a week earlier, the world's 
leading chess computers were competing for their own ti- 
tle. Observers seated in rows facing the tables listened to 
Valvo's calls as intently as players at a bingo hall. He 
drew the audience's attention to the game between Zarkov 
and the current computer-chess world champion, Deep 
Thought. “Look at those rooks," he said of two pieces 
pinned by Deep Thought. "They're pitiful. It's one position- 
al mistake after another in these games." 

Yet chess computers have made amazing strides since 
the first ACM chess tournament in 1970. The six pro- 
grams that competed that year discovered "incredibly cre- 
ative ways to lose games of chess," reports Monty New- 
born, a professor of computer science at McGill University 
in Montreal and chairman of the 
ACM's Computer Chess Commit- 
tee. "Play was often interrupted in 
order to resuscitate an ailing com- 
puter or terminal. The audience 
howled with laughter." 

Twenty-one years later, a few 
programs have become good 
enough to challenge the world's top 
human players. Deep Thought was 
able to do just that when it played 
Gary K. Kasparov, the world chess 
champion, in October 1989. Kas- 
parov beat the computer handily in 
a two-game exhibition match, com- 
menting after the first game that 
^no human would come back for 
more." He is confident he'll be able 
to retain his title for at least a few 
more years, but admits that his 
next match against Deep Thought 
will be "the most exciting challenge 
I face." On Kasparov's shoulders 
rests the responsibility of defending 
man against machine. 


Chess is arguably the 
most cerebral game 
ever invented, and 
Gary Kasparov 1s the 
best player in history. 
But soon he'll face the 
biggest challenge of his 
career: a chess computer 
that can evaluate a 
billion moves a second. 


Deep Thought grows stronger by the day. Debugged af- 
ter the Kasparov match, the computer played Anatoly 
Karpov, the world's number-two player, in February 1990. 
Karpov, who admittedly hadn't slept for 24 hours, eked 
out a win with just 43 seconds left on his clock. "Deep 
Thought probably had at least a draw until about move 
fifty, when it made a serious error," says Feng-hsiung 
Hsu, the designer of the system's hardware. 

Deep Thought can now search about 800,000 positions 
per second, using two processors that fit on a circuit 
board the size of a chessboard. But Hsu plans to shrink 
this board to the size of a chip and design a machine in 
which 1,000 chips will perform simultaneous calculations 
—thus enabling Deep Thought to search one billion posi- 
tions per second. 

Hsu and three other graduate students at Carnegie- 
Mellon University in Pittsburgh, long a hotbed of comput- 
er chess research, built the original version of Deep 
Thought for about $5,000. By the end of 1989, three of the 
four students had become members of the computer sci- 
ence department at the IBM Thomas J. Watson Research 
Center in Yorktown Heights, N.Y., where they have con- 
tinued their work. 

Why is IBM funding the construction of a new and im- 
proved Deep Thought, expected to cost about $300,000 in 
equipment alone? Certainly IBM hopes to gain publicity, 
as well as the $100,000 prize offered by computer-science 
wizard Edward Fredkin for the first machine to beat the 
human world champion. But more importantly, IBM fig- 
ures that if Deep Thought’s special- 
ized hardware is able to master the 
game of chess, it may be applied to 
other complex problems such as de- 
signing the layout of wiring on cir- 
cuit boards, routing airline traffic, 
forecasting weather, or mapping 
human genes. 

Since the 1760s, entrepreneurs 
have dreamed of building a chess- 
playing machine. Around that 
time, Baron Wolfgang von Kempe- 
len began exhibiting a chess au- 
tomaton in Europe. His “machine” 
was nicknamed the Turk because 
a turbaned marionette actually 
moved the pieces. The automaton 
trounced Napoleon Bonaparte and 
others, but eventually its secret 
was revealed: A diminutive human 
chess expert was hidden inside. 

It wasn’t until the late 1950s 
that computer scientists were able 
to write programs that would obey 
the rules of chess. Now their goal 
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the world’s top human player in an exhibition match. 


f 
2 
z 
g 
i 
i 
E 
r 
E: 
| 
i 
d 
E 
Z 
= 


Ls 


" Ie s, 
is to defeat the human world i 1 >. 
champion. That's a much easi- “= 3 cM 
er task than “solving” chess— AI B | | 
being able to examine every EE 
possible move that could occur 
during the remainder of a E 
game so as to select the move fX 
that will lead to a winning se- 
quence. Tick-tack-toe, for ex- 
ample, is a solved game: A | 
good player can finish every 
game with a win or draw by 
avoiding the moves that will * 
lead to a loss. 4. 

For now, solving chess is only 
a fantasy. Even machines as 
powerful as Deep Thought, 
which currently can preview | 
every possible arrangement of | 
pieces on the board after each 


is even more preemi- 
nent in his game than 
Kasparov is in chess. 
Chess, however, has 
long been regarded as 
the supreme game of 
intelligence. Many peo- 
ple believe that the de- 
velopment of a chess 
machine able to match 
human wits will an- 
swer the question of 
whether computers 
can "think." 
Developing a ma- 
chine that mimics hu- 
man thought has been 
a goal of artificial-in- 
telligence researchers 
for many years. In 
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player takes five consecutive Murray Campbell (left) and Feng-hsiung Hsu get instructions from Deep Thought their new book, How 


turns, can't possibly predict the during the final round of a chess computer tournament. Housed at IBM's re- 


Computers Play Chess, 


outcome of every game. To con- search center, Deep Thought communicates with a desktop computer via modem. David Levy, president 


sider all the possibilities in a 

game in which each player has 

65 moves (the length of Deep Thought’s game against 
Karpov), the computer would take longer than the life- 
time of the universe to decide on its first move. 

Here’s why the game is so complicated: On each turn, 
there are approximately 38 legal moves a player can 
make. In reply, his opponent also has 38 moves from 
which to choose. So to analyze every scenario that could 
result after only one move by each player, a computer 
must look at 1,444 board configurations. To search two 
moves, the computer must examine more than two mil- 
lion configurations, and so on. Chess experts estimate 
that there are a total of 10*' possible board configurations 
and 10 possible games of chess—greater than the num- 
ber of elementary particles in the observable universe. 


ven checkers, a much simpler game, has about 10'* 
E possible board configurations and is also unsolved. 

And like chess, checkers will soon become a field for 
battle between man and machine. Chinook, a program 
written by Jonathan Schaeffer of the University of Alber- 
ta in Edmonton, has earned the right to play world cham- 
pion Marion Tinsley later this year. Schaeffer says that 
Tinsley, who has lost only five games in the last 40 years, 


1951 


Computer science pio- 
neer Alan M. Turing, of 
the University of Man- 
chester in England, de- 
signs a program, Turo- 
champ, that can "play" 
chess. It plays one game 
in a manual simulation. 


GREAT 
MOMENTS 
IN CHESS 
COMPUTING 


of the International 

Computer Chess Asso- 
ciation, and Monty Newborn write that chess "serves the 
world of artificial intelligence just as the fruit fly serves 
the world of genetics." Chess offers a sharply defined exer- 
cise in which the performance levels of computers can be 
measured on the same rating scale used by humans. 

Most of the U.S. Chess Federation's 35,000 members 
are club players, whose ratings—based on their perfor- 
mances in tournaments—fall between 1,200 and 2,000. 
Anyone with a rating of 2,200 in the United States auto- 
matically becomes a U.S. Master. Most International 
Masters are rated above 2,450, and most Grandmasters 
are 2,550 or above. Deep Thought is rated at about 2,550, 
Karpov at 2,850, and Kasparov at 2,900. 

Levy and Newborn asked 43 leading chess program- 
mers and players attending the 1989 World Computer 
Chess Championship to predict when a chess program 
will be able to defeat the human world champion. Exclud- 
ing one person who said "never," the average of all the 
predictions was the year 2005. Later, Levy and Newborn 
reported that, based on the progress chess programs have 
made since 1967, at least one computer should be slightly 
better than Kasparov by 1994. 

Increasing the processing speed of a computer isn't the 


1967 


Machack, a program de- 
veloped at the Massa- 
chusetts Institute of Tech- 
nology, plays in a Boston 
tournament and achieves 
a 1,640 rating, a bit better 
than an average tourna- 
ment player. 


1949 


Claude E. Shannon, a re- 
search scientist at Bell 
Telephone Laboratories, 
| presents a seminal paper 
describing strategies for 


| designing a chess com- 
puter program. 
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1957 


| Alex Bernstein and Mich- | 


ael De V. Roberts of IBM 

| design the first program 

| to play a full game of 
chess on a computer, an 
IBM 704. The program 
performs badly and plays 
only a few games. 


1968 
David Levy, an Interna- 
tional Master and theg 
scottish champion, bets? 
several artificial-intelli 

gence researchers that 
no computer program will 
be able to beat him withi 

a decade. 


only way to make it play bet- 
ter chess; improving the pro- 
gramming works just as well. 
Mephisto, the world's best 
commercially available sys- 
tem, runs on the equivalent of 
a high-end personal computer, 
yet performs well in champi- 47 
onship tournaments, where it 4/4548 
has defeated a program run- Am 

ning on a supercomputer. c 

That's because Mephisto's pro- e 
grammers at Hegener & 
Glaser, a German company, 
have invested years of propri- 
etary work in their product. 

In the early days of chess 
computing, most researchers 
believed that the only way to 
create successful programs 
was to model human thinking 


(A human player considers an 

average of 1.7 of the approxi- 

mately 38 possible moves in a turn.) But in the 1970s, 
programmers abandoned this approach in favor of “brute 
force"—using powerful machines that are able to perform 
blanket searches. In recent years, the brain versus brawn 
debate has finally subsided, and most of the top chess pro- 
grams combine elements of both philosophies. 

The most basic component of any chess program is its 
move generator. This is an algorithm—or step-by-step 
procedure—used to list all the legal positions that can 
conceivably be reached after a certain number of moves. 
All chess programs also have an evaluation function, used 
to assign a score to each position based on the pieces' mo- 
bility, vulnerability, and other factors. 

To calculate the best move possible, the computer uses a 
technique proposed in the earliest papers on chess pro- 
grams: the minimax algorithm. The computer's strategy 
is to look for variations that will produce maximum scores 
for its own moves and minimum scores for its opponent's 
replies. First, it creates a "tree," with each branch repre- 
senting a possible move and giving rise to branches of its 
own. “Buds” on the outermost positions of the tree are 
scored by the evaluation function, and the machine works 
backward from the most advantageous scores—ending 


-to hava thet t Mephisto Lyons 32 Bit, the world's best commercial chess computer, rated at 
ms hiphl absunt 2,400, tied Deep Thought for first place in the 1990 North American Chess 
Bl ` Championship. Price: between $1,295 and $3,495, depending on size and speed. 


up with its best move. 

The computer prunes 
the tree using the al- 

< —Dha-beta algorithm, a 
EU 1X simple method that de- 

(ee termines which lines of 
A play are irrelevant. Ig- 
noring these branches 
results in an enormous 
increase in speed. Be- 
cause many contem- 
plated moves eventual- 
ly lead to the same 
position, efficiency can 
also be boosted by con- 
sulting a hash table—a 
memory bank of posi- 
tions that have already 
been scored. 

To speed up move gen- 
eration and evaluation 
even further, Deep 
Thought uses special- 
ized hardware. Hsu be- 
gan developing it in 
1985 after studying Belle, the first chess computer with spe- 
cial-purpose hardware. Built by Ken Thompson of AT&T 
Bell Laboratories in Murray Hill, N.J. (he also co-developed 
the UNIX operating system), Belle uses 10 circuit boards to 
generate moves. ^I figured I could squeeze it down to one 
chip," Hsu recalls. The chip he designed, later incorporated 
into Deep Thought, finally arrived at Carnegie-Mellon (the 
government provided the fabrication services), and he con- 
nected it to a scientihic work station for testing. He found it 
was 10 times faster than the 64-chip move generator for 
Hitech—the world's number-two chess computer. 

When student Thomas Anantharaman supplied a toy 
chess program he had written, ChipTest was born. An- 
antharaman and Hsu then recruited students Murray 
Campbell and Andreas Nowatzyk to help with the project. 
ChipTest (later renamed Deep Thought) entered its first 
tournament seven weeks later. There Hsu watched a 
game in which two computers landed themselves in a 
dead-end situation: a line of play in which each computer 
has only one good response to its opponent's moves. Nei- 
ther computer had looked far enough to predict which 
would come out ahead at the end of the forced plays. At 


[Continued on page 88 | 


1978 


.evy collects his bet after 
lefeating four of the top 
shess programs. He then 
fers a $5,000 prize to 
he designer of the first 
rogram that is able to 
eat him. 


o ———9 980 


1983 


Belle, designed by Ken 
Thompson of AT&T Bell 
Laboratories, wins a 
$5,000 prize from the 
Fredkin Foundation for 
being the first program to 
reach U.S. Master level. 


1988 
Gary Kasparov predicts 
no computer will beat a 


| Grandmaster before 2000. 


Ten months later, Deep 
Thought beats Grandmas- 


| ter Bent Larsen and ties 
| Grandmaster Anthony 
| Miles. 


1989 
Deep Thought defeats 
Levy 4-0. Kasparov clob- 
bers an experimental ver- 
sion of Deep Thought and 
says he'll be able to beat 
any computer for the next 
five years—and probably 
until 2000. 


1990 


Anatoly Karpov beats Deep 
Thought in a one-game ex- 
hibition at Harvard Univer- 
sity. Two months later, Kar- 
pov plays 24 opponents 
simultaneously in an ex- 
hibition, losing only to Me- 
phisto, a German computer. 
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Advanced materials make today's 


armored cars tougher and lighter. 
They're also virtually indistinguishable 
from their civilian counterparts. 


By CRAIG PETERSON 


ate in the spring of 1989 in 

Bogotá, Colombia, a Mercury 

Grand Marquis sedan flanked 

by two Toyota Land Cruisers 

inched its way through heavy 

downtown traffic. Gen. Miguel 

Maza Marquez, head of Co- 

lombia's state police and 
the point man in the country’s war 
against the drug cartel, was going to 
work. As his vehicle passed a car 
parked across a sidewalk, a distant 
terrorist detonated 110 pounds of dy- 
namite hidden inside the parked ve- 
hicle. The resulting blast tossed the 
5,000-pound Mercury into the air like 
a Wiffle ball and slammed it back 
down to the street, rolling up the rear 
sheet metal like a can of sardines. 
Both escort vehicles were shredded, 
and a bodyguard was killed, as were 
four children on a nearby school bus. 
Five more bodyguards and dozens of 
bystanders were injured by the blast, 
which dug a crater the size of a small 
swimming pool and blew out windows 
over five square blocks. When the 
smoke cleared, the crumpled Mercury 
rested on four flat tires, its right side 
riddled by shrapnel from the explo- 
sion, its glass starred. Then a door 
opened, and Maza Marquez stepped 
out. He surveyed the carnage grimly, 
flicked some lint from his coat, and 
walked into a nearby building to call 
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FRONT AND REAR 
HEADLIGHTS 


Blind attackers with 
500,000 candlepower 


his office. Later he held a press con- 
ference and said: “But for the grace of 
God and my armored car, I would be a 
dead man.” 

Had this attack occurred 10 or 15 
years ago, the general would have died 
in his armored car. But he was riding 
in a vehicle built by one of a new breed 
of armorers using advanced materials 
that make today’s mobile fortresses 
the best ever at saving lives. 

Al Capone’s bulletproof 1928 Ca- 
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OIL-SLICK EJECTOR 


dillac drove with nearly 3,000 pounds 
of three-inch-thick tempered glass 
and boilerplate armor; the four-ton- 
car was hard pressed to keep up with 
city traffic. Recent advances in com- 
posite materials and metallurgy en- 
able today's armorers to produce a car 
that is tougher and lighter. It is also 
virtually indistinguishable from its 
civilian counterparts. 

Executive Armoring Corp. (EAC), 
the company that built Maza Mar- 
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quez's car, is located in an industrial 
park just north of San Antonio, Texas. 
EAC vice president Mark Burton ex- 
plains the function of an armored ve- 
hicle: "The average terrorist attack on 
a car lasts thirty-seven seconds. That 
may not seem like a long time, but it's 
a real long time when you're getting 
shot at." The purpose of the car is to 
soak up gunfire while the occupants 
drive out of range and make their es- 
cape. Optional gun ports give limited 
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ability to return fire, but hanging 
around to shoot it out isn't on the rec- 
ommended list. “We tell them, ‘Just 
put your foot to the floor and get out of 
there," Burton says. Another incen- 
tive to leave the scene quickly: “Bul- 
letproof” glass is really only bullet re- 
sistant. Repeated hits in the same 
spot can eventually penetrate it. And 
the glass usually receives the bulk of 
the rounds striking a car. 

A conversation with an armorer 


doesn’t make much sense without an 
understanding of his most commonly 
used term: “defeat level.” After World 
War II, the military and various feder- 
al agencies, including the FBI, devel- 
oped defeat-level standards to allow 
for comparisons of ballistic resistance. 
Using specified calibers, barrel lengths, 
bullet types and weights, and striking 
velocities, five defeat levels were es- 
tablished to gauge a material’s resis- 
tance to bullets fired from commonly 
used weapons. So when an armorer 
refers to a Level 1 car, he means it will 
defeat a popular handgun such as a 
.22- or .38-caliber with a muzzle ener- 
gy of about 335 pound-feet. Level 2 de- 
feats cartridges up to and including 
9mm and .357 Magnum rounds and 
raises the threshold to 535 lb.-ft. Level 
3 defeats .30 carbine and .44 Magnum 
rounds to 975 lb.-ft. Level 4 resists 
7.62mm (.308-caliber) rifle cartridges 
at 2,650 lb.-ft. Level 5 defeats all of 
the above plus 7.62mm armor-pierc- 
ing cartridges. This cartridge delivers 
the same kinetic energy as a standard 
7.62mm round, but its hardened steel 
bullet easily punches through most 
Level 4 materials. 

The world of the armorer revolves 
around these defeat levels because 
they dictate the types and thicknesses 
of the armor used. Those decisions af- 
fect the car’s weight, the complexity of 
its construction, and its cost. (This is a 
surprisingly competitive business; 
customers typically shop among sev- 
eral builders.) Then the armorer must 
balance the tradeoff in handling, ac- 
celeration, and braking ability caused 
by the armor’s added weight. These 
elements of vehicle dynamics are of 
increasing importance as cars shrink 
in size and horsepower. Tony Scotti, 
who runs the Scotti School of De- 
fensive Driving in Medford, Mass., i 
an expert in counter terrorism. Scotti 
advises his clients to road test an ar- 
mored car before buying one. “I’ve 
known people who have bought an ar- 
mored car, had it delivered, and then 
found it didn’t have enough power to 
make it to the top of the hill they lived 
on,” he says. “That means they just 
wasted a hundred thousand or so.” 

To determine the defeat level re- 
quired, a thorough evaluation of the 
customer’s perceived threat takes 
place before an order is accepted. 
People shop for an armored car be- 
cause their wealth, power, or political 
affiliation makes them a target of as- 
sassination or kidnapping. Each faces 
a specific threat, and the potentially 
favored method of attack and the 
types of weapons most often used can 
be determined. In Colombia, for exam- 
ple, the typical attack involves two 
men on a motorcycle who ride up 
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cessive layers of fiberglass cloth. 
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Rigid composite armor works by con- 
trolled delamination to slow and stop 
projectiles as they pass through suc- 


Above: Gen. Miquel Maza Marquez's ar- 
mored sedan after terrorists attacked it 
with 110 pounds of dynamite. The gener- 
al walked away. Left: Al Capone’s ar- 
mored 1928 Cadillac staggered around 
under 3,000 pounds of boilerplate and 
three-inch-thick glass. 


alongside the target’s car and hose it 
with a 9mm machine pistol. 

In past years, raising the defeat lev- 
el automatically meant using thicker 
armor. The penalty was weight—a lot 
of it. “Tve seen armored Chevy Subur- 
bans in the Philippines that were so 
heavy, their wheels literally snapped 
off,” Burton says. Fortunately, today’s 
materials are stronger, lighter, and of- 
ten cheaper to buy and work with. For 
example, EAC uses a new armored 
steel called BP6:33 from Astralloy 
Wear Technology in Birmingham, Ala. 
Today, most commercially available 
armor steel is either manganese- 
molybdenum or a multi-alloy. The 
steel’s toughness comes from 

adding extra carbon, man- 
ganese, chrome, and mo- 
lybdenum. It is heated to 
from 400 to 1,000 degrees 
F, then water quenched 
and tempered. This tech- 
nique makes it impossible 
to hot form, weld, or cut 
the steel without losing its 
temper. Water quenching 
leaves a hard skin 0.06 
| inch deep, but also a soft 
core, requiring a half-inch or thicker 
plate to stop the heavier calibers. 

The recipe for BP6:33, on the other 
hand, calls for adding extra moly- 
bdenum, chrome, manganese, and a 
lot of expensive nickel for increased 
density. Then it is air hardened, a 
unique heating/air-cooling process 
that delivers a high, uniform density 


throughout the steels thickness. The 
result is a tougher steel that can be 
cut, hot formed, or welded because it 
returns to its high hardness as it 
cools. This means sharply decreased 
costs for the armorer because it can be 
cut and welded on site by plasma 
torches. In contrast, competitors us- 
ing water-quenched armor steel must 
laboriously make templates for each 
of the vehicles armored panels and 
then have the steel manufacturer 
form it to their specifications. EAC 
simply measures the cavity to be cov- 
ered, cuts the steel, and rewelds it to 
the required curvature. And the 
tougher "sinch BP6:33 plate can be 
substituted for the competition's “4- 
inch plate through Level 3 for a 50- 
percent weight saving. 

To illustrate the ballistic superiority 
of BP6:33, Astralloy product manager 
Joe Clark readily recites the results of 
ballistic tests performed by H. P. 
White Laboratory, which supplies the 
armoring industry's equivalent of a 
UL listing. "We're the guys who gave 
Dirty Harry a bad day," Clark says. 
"Our one-eighth-inch plate took a 
maximum-load .44 Magnum round at 
point-blank range without penetra- 
tion.” Customers don’t have to take 
Clark's word for it. They frequently 
show up at EAC while their cars are 
under construction, choose a sample 
of the armor, and shoot away at it on 
the company’s firing range. 

This rugged steel weighs 5'4 pounds 
per square foot in “sinch thickness, 
double that in “s-inch form. It's 30 to 
40 percent more expensive than con- 
ventional armor steel, but EAC be- 
lieves that it's cost-effective. Says 
Burton, "We use it almost exclusively 
because we don't build many low-de- 
feat vehicles, and the steel is easier to 
work with than fiberglass." 


o explain what he meant by 
"fiberglass, Burton handed me 


what looked like a sugar wafer 
the size of a ceiling tile. This was 
"rigid fiberglass laminate," he said, 
originally developed as helicopter ar- 
mor in Vietnam. EAC developed its 
own version through laborious trial 
and error. Layers of coarsely woven 
fiberglass cloth are impregnated with 
a bonding resin and then pressed to- 
gether in an autoclave at high temper- 
atures. (The exact recipe is propri- 
etary) The multiple layers work by 
controlled delamination: When a pro- 
jectile plows through successive lay- 
ers, it deforms and slows until its 
energy is spent. The primary advan- 
tages of this material are lighter 
weight and lower material cost. It is 
remarkably strong. A "inch layer 
provides Level 1 protection; "1s inch of- 


fers Level 4. Equivalent BP6:33 steel 
plate is “s inch thick for Levels 1 to 3 
and '4 inch thick for Level 4. The 
fiberglass costs one-fifth as much and 
weighs 50 percent less. But it has dis- 
advantages too. Its thickness at high 
defeat levels makes it a poor choice in 
cramped areas like doors, where it can 
interfere with door-opening hardware 
and locks. It 1s also labor intensive to 
install. For maximum support, each 
panel must first be extensively riveted 
to a subframe before it is mounted in- 
side the body panel. 


ther materials found in ar- 
mored cars in recent years are 
tough Kevlar aramid fiber and 
a similar but cheaper variant, ballistic 
nylon. An eight-ply one-inch-thick 
blanket of ballistic nylon can be used 
in place of steel to armor the roof and 
floor. EAC has found that powerful 
bombs exploding under a car can rip 
apart steel and send splinters into the 
vehicle; the ballistic nylon tends to de- 
form and trap fragments. Cheaper, 
five times stronger pound for pound, 
and a fraction of the weight of steel, 
these pliable materials are popular 
with many builders to help them cut 
costs. EAC uses them sparingly, how- 
ever, because they are difficult to sup- 
port properly More than one buyer 
found his armored car's nylon door ar- 
mor drooping like a failed souffle after 
the car bounced around on Third 
World back roads for a few years. EAC 
does use Kevlar inside window frames, 
where the heat from welding steel 
might distort the thin metal and cre- 
ate air or water leaks around door 
seals. Kevlar also lines the wheel 
housings and protects the vehicle's 
gasoline tank and dual batteries. 
There also have been advances in 
bulletproof glass, called "transparent 
armor" in the industry. In contrast to 
the Capone Caddy's three-inch-thick 
bulletproof glass, which weighed 80 
pounds a square foot, today's armored 
cars use a lightweight composite of 
Lexan or Lexgard plastics bonded in- 
side a sheet of '4- or "e-inch-thick safe- 
ty glass. The glass provides a scratch- 
resistant exterior, can be tinted, and 
blunts a bullet, increasing the bullet's 
cross-sectional area and slowing it be- 
fore it reaches the inner layers. These 
polycarbonate layers progressively 
stretch and separate under impact, 
absorbing and dissipating the projec- 
tile's kinetic energy. They also provide 
a “spall shield" to prevent the glass 
from shattering and sending razorlike 
shards ricocheting throughout the 
car's interior. Levels of protection are 
easily varied by adding layers: Level 4 
composite armor glass, for example, 
is two inches thick and weighs ap- 


proximately 30 pounds per square foot. 

Like other armorers, EAC buys its 
windshield glass from PPG Industries 
in Pittsburgh. It looks similar to a 
standard tinted automotive wind- 
shield, but is four times thicker, and at 
$6,000 each is considerably more ex- 
pensive. Burton showed me the clean 
room where the windshield is laminat- 
ed to polycarbonate layers by applying 
a bonding agent, pressing the layers 
together, and allowing them to dry. 
Next, entrance and exit holes are 
drilled between the layers to allow ni- 
trogen to be injected under pressure. 
This purges trapped air and prevents 
fogging. After the holes are sealed, the 
process is completed by sanding and 
painting the edges and polishing the 


glass. The finished piece weighs up to 
350 pounds. I watched as craftsmen 
removed a Chevrolet van's original 
glass and deepened the openings to al- 
low the thick bulletproof glass to fit 
flush with the surrounding sheet met- 
al. It may not be a feat of engineering 
genius to weld armor steel inside a 
body panel, but it takes considerable 
skill to install transparent armor so 
that the average person wouldnt rec- 
ognize it if he stood next to it. 

Keeping a low profile is important 
the people who use these cars. If 
terrorists suspect they are facing an 
armored vehicle, they may upgrade 
their firepower accordingly. In 1989 
Peruvian terrorists ambushed the ar- 
[Continued on 92] 


PREVIEW DRIVE: FORD F-SERIES ARMORED PICKUP 


Executive Armoring Corp. (EAC) agreed 
to let me sample the road manners of a 
newly armored Ford F-series pickup. 
From a few feet away, you would never 
imagine that the stylish blue and silver 
vehicle offered the ballistic protection of a 
Brinks armored car. In fact, the Ford 
pickup was built to Level 4 specifications, 
able to shrug off 7.62mm slugs. And it 
had options including tear-gas grenades 
positioned at all four corners, dual-ram 
bumpers, front and rear halogen spot- 
lights, electrified door handles, and an oil- 
slick ejector. 

As we prepared to leave EAC's factory, 
company vice president Mark Burton 
glanced at me apologetically. "Look, why 
don't you let me back it out for you?" he 
suggested. After a brief flush of indigna- 
tion, | began to understand his concern. | 
wasn't about to drive a $20,000 pickup. | 
would be at the wheel of an $85,000 
fortress packing enough hardware to start 
a war. Outside, Burton slapped on a tem- 
porary license plate, and | eased the vehi- 
cle into traffic. 

Within a few miles it was clear why EAC 
likes to armor trucks and heavy-duty 


vans. The Ford showed no discomfort 
with its half-ton burden of armor and op- 
tions. It accelerated, turned, and stopped 
no differently from its civilian counter- 
parts. The two-inch-thick windshield and 
side glass produced surprisingly little dis- 
tortion and, along with the '"«4-inch steel 
armor, served to dampen road noise, 
making the pickup somewhat quieter 
than stock vehicles. 

Turning onto a nearby interstate, | ac- 
celerated to 65 mph and, once clear of 
traffic, swerved abruptly from lane to 
lane. The truck was stable and easy to 
control. The extra 1,000 pounds of weight 
was likely the cause of the Ford's almost 
plush ride, measurably better than that of 
an unladen pickup. 

After the test drive, as we headed back 
to the factory, | reflected on how our ride | 
had lacked drama. A blindfolded passen- 
ger would have had no clue of the truck's 
true purpose. Considering the Ford's ca- 
pacity for lethal offensive moves, coupled 
with its ability to shelter occupants from 
bullets and bombs, the armorer had clear- 
ly accomplished his task with skill and fi- 
nesse.—C. P. 
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Thousands of underground 
tanks seeping gasoline and 
other chemicals threaten the 
environment. New technolo- 
gies offer a better shield. 


ow partially crippled, odor from the water just like a gasó- 
John Shilling began line cap, he says. With a rented met- 
noticing heaviness in al detector, Shilling found the source: 
his arms and pain in A‘small-hole had rusted through .a 
his finger joints about 575-gallon gasoline tank that was 
five years, ago. buried.on his property and abandoned 
"| felt, tired all the some 40 years earlier. 
time," says the Mount Sterling, Ohio; a“ “Every time the ‘water table rose, 
farmer.."I thotght it was from getting gasoline leached into the wells that 
old, maybe-arthritis." The reason was. supply water to our home,” says Shill- 
frighteningly different. ing, Neurotoxicologists say the tainted 
"I was taking a shower one day in \ water caused spots on Shilling’s brain 
September- 1987, and:I smelled-an. similar to those associated with Par- 
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kinson's disease and multiple sclerosis. 
While his wife and two children have 
not experienced such severe problems, 
says Shilling, ^We have to watch for 
cancer over the next twenty years. The 
whole thing has been a horror." 

The wells, which contain amounts of 
suspected carcinogens, such as ben- 
zene, xylene, and toluene, at many 
times their safe levels, will be unusable 
for years; no one knows for how long. 

While the experiences of John 
Shilling's family are extreme, they are 
hardly unique. In Northwood, N.H., 
the drinking water supplied to about 
500 residents was fouled by gasoline 
leaking from a pinhole-size opening in 
a 10,000-gallon tank buried under a 
general store. "We're worried because 
no one seems to know what high con- 
centrations of these chemicals [in the 
water] can do to you," says Arthur 
Slade, who lives next to the store. Four 
years after the leak was discovered, the 
area is getting hooked into a new water 
source at a cost of $1 million. But for 
those who rely on the three major 
aquifers downhill from the site for 
drinking water, the trouble may only 
be beginning: The leak has reached the 
aquifers, layers of porous underground 
rock that contain water, and has begun 
to pollute them as well. 

Because ground water supplies about 
half the nation with drinking water and 
75 percent of the water used for irriga- 
tion, many are at risk from tank leaks. 
The EPA has documented more than 
100,000 contaminated sites, most in- 
volving corroded single-wall steel tanks 
and piping that have been in the ground 
for at least 16 years. That figure is ex- 
pected to increase; many other sites 
may go unreported. In all, 10 to 30 per- 


cent of existing tanks may be leaking. 

The scope of the situation was re- 
vealed by the EPA in 1983, when it re- 
ported that in the United States 11 mil- 
lion gallons of gasoline seep into soil 
each year. That annual flow rate is com- 
parable with the Exxon Valdez’s 11-mil- 
lion-gallon oil spill, which in March 
1988 fouled Alaska's coastline, but it 
happens year after year. 

"It's an extraordinary problem," says 
Dr. Ellen Silbergeld, director of toxic 
chemical programs at the Environ- 
mental Defense Fund (EDF), an envi- 
ronmental group in Washington, D.C. 
Citing the famous Fairchild Industries' 
polluted waste-water treatment-tank 
leak, which put California's Silicon Val- 
ley on the environmental-disaster map, 
Silbergeld notes that leaking tanks of- 
ten contain more than just gasoline 
—substances that can be mutagenic 
(interfering with genetic development) 
and carcinogenic. And just one gallon of 
gasoline can make one million gallons 
of water unsafe to drink; a mere shot- 
glass-full would pollute an Olympic-size 
swimming pool of drinking water. (See 
illustration below for what is stored in 
underground tanks.) 

The EPA regulates some two million 
tanks containing various liquids at 
about 750,000 sites. However, the 
number of unregulated tanks, ranging 
in size from a few hundred to 20,000 
gallons, may be much larger. The total 
U.S. underground-tank population 
may be 7 million to 15 million tanks, 
estimates Dave O’Brien, chief of the 
Standards Branch of the EPA's Office 
of Underground Storage Tanks. That 
includes the regulated tanks, others for 
storing heating oil for homes (three 
million to five million) and commercial 


CONTENTS OF UNDERGROUND STORAGE TANKS 
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use (one million to two million), and a 
difficult-to-identify number at indus- 
trial sites for chemical storage and 
flow-through manufacturing processes 
that store waste water. 

“The bad news is that no one really 
knows how many leaking tanks there 
are," says O'Brien. "The good news is 
that most of the leaks are small." Better 
news is that new tank technology will 
help contain these liquids in a way that 
is more environmentally sound. 


n 1983, the EPA started forming reg- 

ulations for underground storage 

tanks, which became effective in late 
1988. In those rules, the EPA agreed 
with two points that for years have been 
the sine qua non of national environ- 
mentalist groups like the EDF, the 
Citizens Clearing House on Hazardous 
Wastes in Arlington, Va., and Clean 
Water Action in Washington, D.C. 

The preamble to the EPA regula- 
tions says that "secondary contain- 
ment with interstitial monitoring 
would most likely result in fewer re- 
leases to the environment compared 
with protected single-wall tanks with 
release detection." In other words, 
something that is similar to a double- 
wall tank (a tank within a tank) with 
a monitoring device installed between 
the walls would provide maximum 
protection against environmental 
contamination. 

While the EPA did not mandate this 
idea (the agency just requires corrosion 
protection and monitoring for new 
tanks) many states have. California, 
Kansas, Maine, New Hampshire, New 
York, Rhode Island, and Vermont order 
secondary containment; others only 
want it for environmentally sensitive 
areas. Massachusetts also mandates 
interstitial monitoring. Some munici- 
palities in ground-water-dependent 
states like Texas and Florida have simi- 
lar regulations. Many also want dou- 
ble-wall piping for tanks. 

"Part of the reason the EPA didn’t re- 
quire double-wall tanks was because 
the technology at the time was inade- 
quate and expensive,” suggests David 
Palazzo, president of Permatank Corp., 
a tank manufacturing company in Tam- 
pa, Fla. “New systems are much better.” 

Interstitial monitoring for leak detec- 
tion in double-wall tanks can be done 
many ways, including electronic probes 
that monitor the integrity of a vacuum, 
and hydrostatic monitors on fiberglass- 
reinforced-plastic (FRP) tanks with 
brine- or water-filled interstitial spaces. 

Likewise, there have been many op- 
tions for underground storage in the 
past. Liners made of polyethylene or 
concrete vaults were one solution for 
protecting the environment from leaks 
of single-wall tanks, but they were diffi- 


SECURING UNDERGROUND TANKS WITH A "JACKET" 
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In “jacketed” tanks, a steel inner tank 
provides strength, while a fiberglass-reinforced- 


lastic outer tank prevents corrosion and contains 


s. Polyethylene standoff mesh between the tanks 
leaves a gap for liquid to migrate, enabling leak detection. The 
s double-wall construction. Other double-wall tanks are 


piping also 


Striker plates protect 
against tank damage 
from gauge sticks 
that are lowered to 
determine liquid 
volume. If a leak 
occurs, a sump 
measures the amount 
of liquid that reaches 
the outer tank. 


similar in principle, but use different combinations of materials. 


cult to monitor. Another option, cathodic 
protection, is required by the EPA on 
new steel tanks. It works with a low elec- 
trical charge, similar to a battery, so that 
an attached metal, such as zinc or mag- 
nesium, corrodes instead of the steel. 

Double-wall steel or double-wall 
FRP tanks also have been used. Yet an- 
other version—single-wall steel clad 
with FRP—did not have the gap in 
double-wall tanks that makes it possi- 
ble to monitor and act on leaks before 
they reach the soil. 

The newest idea, called a “jacketed” 
tank, may make better use of these 
materials. Several U.S. tank manufac- 
turers have developed systems with 
leak-monitoring devices and a steel in- 
ner tank surrounded by a rigid FRP 
outer tank; one company uses high- 


density polyethylene for the outer 
tank. The steel provides strength as 
well as compatibility with most liquids. 
The plastic outer tank protects the 
steel against corrosion and furnishes 
secondary containment. 

Permatank makes a version of the 
jacketed tank that has a thin polyethy- 
lene grid between the outer and inner 
tank walls, allowing a vacuum to be 
applied to the airtight interstitial space 
(see illustration above). The integrity of 
the vacuum can be monitored by a sim- 
ple air-pressure gauge and/or by an 
electronic alarm system to warn of a 
leaking chemical before it can reach 
soil or ground water. 

“The goal,” explains Permatank’s 
Palazzo, “was to provide all of the most 
desired tank requirements in one pack- 
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age.” Palazzo began work on his pat- 
ented design in 1979, evolving a propri- 
etary manufacturing system with it. 
The inner steel tank is wrapped in the 
polyethylene mesh, covered with Mylar 
polyester film, and sprayed with FRE. 
Palazzo has been marketing the tank 


for about four years. 
A double-wall steel and all-FRP 
models, the new jacketed tanks 
are still more costly than single-wall 
versions. The EPA says the average 
cost of a typical installation of three 
10,000-gallon corrosion-protected sin- 
gle-wall steel tanks with leak detec- 
tion is $80,000. A typical installation 
of three jacketed tanks that each con- 
[Continued on page 89] 
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Is the mantra "build tight for energy 
efficiency" full of holes? “Dynamic” 
walls let fresh air seep in; exhaust air 
helps heat your domestic water supply. 


By JUDITH ANNE YEAPLE 


ack in the days before 
triple-glazed windows 
and insulation-stuffed 
attics and walls, hous- 
es were full of tiny 
cracks and holes. This 
muile them drafty and costly to heat, 
but it also meant indoor air was nearly 
as fresh as the air outdoors. 

Now a small contingent of building 
experts is reviving that tradition by 
making “dynamic” walls that leak in- 
tentionally, yet are as energy efficient 
as today's tightly sealed homes. 

^We've found that most really tight, 
energy-efficient houses have lousy air 
quality," says Steve Loken of South Wall 
Builders in Missoula, Mont. Unless 
they are mechanically ventilated, well- 
sealed homes don't let spent air out. 
Indoor-air pollutants can build up and 
cause health problems that can be as 
minor as an occasional headache or as 
deadly as carbon monoxide poisoning. 

Air-to-air heat exchangers are one 
way to provide ventilation, but prob- 
lems remain. ^We've found that less 
than a third of homeowners in Mon- 
tana who have air-to-air heat exchang- 
ers turns them on because they don't 
like the noise or the drafts," says Lo- 
ken. “And they can be difficult to in- 
stall." Of course, another idea—open- 
ing a window—cancels energy savings. 

Developed independently by John 
Timusk at the University of Toronto 
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and Fiberglas Canada in Ontario, these 
dynamic walls let houses “breathe”: 
Outside air slowly trickles into the 
house through exterior walls, warming 
up along the way by capturing heat in 
the walls that would otherwise leak 
outside. An air handler reclaims more 
heat in the stale house air before ex- 
hausting it (see illustration right). 

Making dynamic walls practical has 
been an elusive goal for decades. Some 
of the first designs, which were devel- 
oped in Sweden, required complicated, 
expensive wall systems; others were 
too inefficient. But this new method, 
says Timusk, can be constructed using 
common building practices. 

Although Timusk was one of the first 
to recognize the crucial component nec- 
essary for an efficient dynamic wall, he 
admits the discovery was serendipi- 
tous. "I was doing a large study in 
Canada on moisture in wood-frame 
houses," he says. "And I concluded that 
the problem was that wind was carry- 
ing away heat from the walls." 

Because colder air tends to hold less 
water vapor, the moisture was left be- 
hind in the walls. "To avoid mold and 
mildew,” he adds, “I decided that an air 
barrier was needed on the outside to 
block the wind." 

To prove his theory, Timusk found a 
client who was willing to build an ex- 
perimental house—himself. "I built it 
with an insulating board called 
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Glasclad. It has an outer membrane 
that works as a wind barrier, says 
Timusk. Made by Fiberglas Canada, 
Glasclad combines a l's-inch-thick 
slab of rigid glass fiber and a thin, pa- 
perlike sheet of Du Pont's Tyvek, an 
air retarder made of polyolefin fibers 
bonded together with heat and pres- 
sure. Glasclad is currently available 
only in Canada. | 
À fan drew air out of the house, creat- 
ing negative pressure that pulled fresh 
air inside. "After I completed the house, 
I tested it, and it performed beyond my 
wildest imagination," Timusk says. 
"The porosity of the Tyvek provided 
a missing key," he continues. ^You must 
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accurately control air entrance because 
if it's too fast, the wall will cool down, 
and you'll get mold and mildew from 
condensation. And if it’s too slow, the 
incoming air won't recover the wall's 
heat and bring that heat back into the 
house." 

"Think of Tyvek as a Gore-Tex parka 
for your house," explains Pete Russell, 
manager for construction products at 
Du Pont Canada in Ontario. “People wear 
Gore-Tex because its a wind breaker, 
but also because it lets perspiration es- 
cape," he says. Likewise, “Tyvek has 
low air-permeability rates, but permits 
moisture vapor to move through easily." 

While Timusk was investigating the 
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performance of his house, Fiberglas 
Canada researchers were pursuing 
their own dynamic-wall studies with 
Glasclad as a part of a larger study on 
low-energy house systems, says Paul 
Kuebler, a product research and devel- 
opment specialist at the company. 

In addition, Fiberglas Canada devel- 
oped an air-handling system to remove 
stale air from the bathrooms and 
kitchen through an air-to-water heat 
exchanger before exhausting it outside. 
This recovered heat provided domestic 
hot water and, if there was a surplus, 
additional space heating. Called the 
Habitair, the system exhausted air 
from the house, resulting in a drop in 
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Left and below, in the "dynamic" system, 
microscopic pores allow a small amount of 
fresh, outside air to seep into the house 
walls, The air handler exhausts more air than 
that entering through the walls, creating 
negative indoor pressure that ensures a 
steady, even flow of incoming air. 
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pressure inside the house, drawing in 
outside air through the walls at a 
steady, even rate. 

When Timusk and Fiberglas Canada 
joined forces in 1987, Timusk replaced 
his simple fan setup with a Habitair to 
make his house a test bed for the dy- 
namic-wall research. Fiberglas Canada 
has since discontinued Habitair (an ap- 
parent victim of company cutbacks), but 
Timusk notes that standard heat ex- 
changers could be combined with a wa- 
ter heater to construct a similar system. 

“The beauty of this system is that 
you control the amount of air you draw 
in by regulating the exhaust rate,” ex- 


plains Timusk. The minimum amount 
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The key to controlling the inflow ol krask air in a “dynamic” 


DE C 
pex 


house is a wind barrier like Glasclad 


(above). It lets a small amount of air seep into the wall when the house is under negative pressure. 


of fresh air coming into the test house 
meets the American Society of Heat- 
ing, Refrigeration and Air Condition- 
ing Engineers standard, which is one- 
third of an air change per hour, he 
says. An air change is a measure of 
how much indoor air has been replaced 
by outside air in one hour. 


feel drafty? ^I figure that on av- 
erage it takes fifteen minutes for 
air to move into the house," says 
Timusk. “It moves into the wall at 
about 0.2 millimeter per second. That's 
about the speed of the minute hand on 
a clock." Timusk drilled one-inch-diam- 
eter holes through the drywall between 
each wall stud to permit the air to 
move into the house. Although at those 
points he can feel air movement, 
Timusk says, "It's not a draft. It's really 
a slow air-diffusion process." 

And while conventional insulation is 
as effective a barrier to warmth as it is 
to cold, the dynamic wall can take ad- 
vantage of solar gain. On bright winter 
days, Timusk says, the sun beats on 
the exterior walls, warming them. As 
outside air seeps in, it carries this heat 
into the house. 

But will these heating-season bene- 
fits become burdens during the sum- 
mer? The entire system, says Timusk, 
can adapt. 

A simple adjustment to the duct sys- 
tem reroutes the air, letting it pass over 
the air handler's evaporator coil, then 
on to the rooms for modest air condition- 
ing. Simultaneously, the excess heat is 
dumped into the domestic hot-water 
supply. (In this mode, the house doesn't 
pull in outside air through the walls.) 
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B ut does a well-ventilated house 


During the 1989-90 heating season, 
Fiberglas Canada and the University 
of Toronto (as a subcontractor) studied 
Timusk's house to determine its energy 
efficiency. The study was funded by 
Fiberglas Canada and the Ontario 
Ministry of Energy. 

The tests indicated that the system 
saves energy. On average, space-heat- 
ing energy requirements were trimmed 
by 7.5 percent compared with the same 
house not operating in the dynamic 
mode. In fact, the colder the outside 
temperature, the better the system 
competed with conventional building 
methods. For example, the tests indi- 
cated that if the outside temperature 
plunged to minus 10 degrees F, it would 
take 37 percent less energy to maintain 
an inside temperature of 68 degrees 
compared with the same house not op- 
erating in the dynamic mode. 

Of course, some of that savings 
comes from heat that would otherwise 
be lost through the walls. “We were 
able to preheat the incoming air to be- 
tween sixty and eighty percent of the 
difference between indoor and outdoor 
air temperatures," says Kuebler. In 
other words, if outdoor air is 30 degrees 
F and indoor air is 70 degrees, the in- 
coming air's temperature could be 
raised to more than 60 degrees. 

And a few hours of sunshine can 
raise the exterior wall surface temper- 
ature by 60 to 70 degrees, says Timusk, 
bringing warmer air inside. 

The researchers estimate that be- 
cause the Timusk house reclaims heat, 
it saves nearly $500 annually com- 
pared with the same house that is 
equipped with a standard air-to-air 
heat exchanger. 


OOOO — 
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“I don't question the science behind 
dynamic-wall systems," says Joseph 
Lstiburek (pronounced “Steebruck”), 
a building scientist in Ontario who 
specializes in building failures and 
moisture-related problems, from peel- 
ing paint to indoor-air pollution. "But 
do I think it has widespread commer- 
cial applications? The answer is no." 

Lstiburek, whose doctoral thesis ad- 
viser at the University of Toronto is 
Timusk, says that more work needs to 
be done. “It’s difficult to control the 
movement of the air precisely," he ex- 
plains. “You have to be careful in build- 
ing the walls. They have to be perfectly 
tight so the air only enters the house 
through the Tyvek. Plus, you have to 
control the pressure drop accurately 


across the walls, which determines the 


rate of incoming air. If you can control 
all the necessary parts—the air re- 
tarder, the tightness of the rest of the 
house, the pressure differences, and a 
form of heat recovery from the exhaust 
air—and control them economically, 
then you've got a nice system." 

Mark Johnson, a public utility spe- 
cialist for the Bonneville Power Ad- 
ministration in Portland, Ore., agrees. 
His organization, which sells hydro- 
electric power to regional utilities, 
builds test houses to study and pro- 
mote energy-saving technologies. One 
of these houses, constructed by South 
Wall Builders, has a dynamic-wall sys- 
tem similar to Timusk's. Johnson spent 
a year monitoring it and says prelimi- 
nary results are disappointing. 

"Ihe ventilation rates when using 
the Habitair seem to be way too high 
—about 0.7 air change per hour. And 
that had a real impact on its thermal 
performance," Johnson says. "In all, it 
didn't use significantly less energy for 
space and water heating. 

"There's nothing wrong with the con- 
cept of dynamic walls," he adds, "but 
building them successfully is difficult. 
And with about 5,000 builders running 
around the Northwest United States, 
you can't expect all of them to be able to 
build a dynamic wall and have it work 
as well as it might." 

A better application for the technolo- 
gy, suggests Jackson, might be in facto- 
ry-built modular structures. “A factory 
would let you tightly control the fabri- 
cation process." 

Timusk counters that what might 
keep the dynamic-wall system from 
widespread use is not builders’ work- 
manship but homeowners' expectations. 

"When we buy a car, we expect ad- 
vanced technology, like on-board micro- 
processors," he says. “Yet for some rea- 
son, we haven't acquired the same 
technical expectations for houses. And 
houses are an important factor in our 
quality of life." 
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Robot insects (Continued from page 55) 
cently filled a room with rocks and 
boulders,” Angle says, “and we're going 
to construct some climbing walls for 


Attila.” Furnished with rotating hips, 
Attila should be able to scale walls as 
steep as 80 degrees. “I think the lim- 
iting factor will be the friction between 
its feet and the surface. Attila should 
climb a cliff like a human does—by 
finding footholds. 

"We're forcing ourselves to work in 
real environments and deal with real 
issues,” says Angle. “One of our credos 
is to not do computer simulations.” 


Man-made gnats 


Even as Attila takes its first cautious 
steps, researchers at the Insect Lab are 
pushing back the boundaries of AI with 
other robotic forms. One project, led by 
researcher Anita Flynn, aims to shrink 
the size of the robots drastically. 

"What makes robots expensive isnt 
the high-tech stuff, like intelligence or 
sensors, explains Flynn. “It’s the mo- 
tors and batteries and connectors— 
the low-tech things. That’s what breaks 
down.” Therefore, she reasoned, why 
not strip away the conventional mo- 
tors and batteries and replace them 
with tiny micromachine versions [^Mi- 
cromachine Magic,” March '89]? “An 
information-collecting robot doesn’t 
gain anything by being big,” she adds. 
“But it would be very beneficial if it 
were easily manufactured and inex- 
pensive. After all, since information 
doesn’t weigh anything, neither 
should your robot.” 

“The idea is to integrate the entire 
robot onto one chip—sensors, motors, 
and computers,” says Angle. Dubbed 

“gnats,” these machines would be as 
petite as one cubic millimeter. Their 
purposes, however, could be limitless: 
Sprayed over a field, they could march 
up plant stalks and kill pests; swal- 
lowed by humans, they might swim 
through arteries and clean them out. 

“The concept of being able to whack 
out millions of these tiny robots using 
the same fabricating techniques that 
are used now for computer chips is 
exciting,” adds Angle. “It would force 
people to think about robots in a com- 
pletely different manner.” 

“It’s kind of like a ball point pen, 
Flynn remarks. “Pens are valuable to 
you not just because you use them all 
the time, but also because they only 
cost a quarter. If you had a robot that 
was capable of helping you out in a few 
ways, but wasn’t very SSDHDBIVG,, it 
would be worth buying." 

But these mini-machines are more 
theory than reality. “The bottleneck is 
the micromotors," she continues. 
"Those that have been made so far 
aren't strong enough for this applica- 


25 


tion. So what we're working on now is a 
way to build one with more torque." 

At least one important person is 
confident that Flynn's project is attain- 
able: Ross Perot, the renowned elec- 
tronics businessman. Perot has estab- 
lished Gnat Robot Corp. to provide 
Flynn with a research grant. "If this 
pans out," Flynn says, “the company is 
interested in manufacturing the 
micromotors." 

Versions of Genghis and Attila may 
be available by early 1991. IS Robotics 
in Thousand Oaks, Calif., a software 
company that bought the rights to 
MIT's walking robots, plans to market 
them for different purposes. 

"The market closest at hand is for 
research and educational purposes," 
explains Bruce Bullock, chief executive 
officer of IS Robotics. "There's a lot of 
research going on in the software of 
robotics. Many people would like to 
have robots like these, but don't know 
how to reproduce them mechanically or 
electrically." 

The company is also weighing 
various commercial applications, such 
as expensive toys. "We could build a 
microrobot to carry a video camera 
around," says Bullock, “and let the 
robot film your home movies for you." 
Dependable but lower-cost products 
could also be developed someday to 
vacuum the house, for example. *Rod- 
ney Brooks visualizes a 'buy-and-for- 
get' robot you'd purchase at a home 
center,” Bullock says. "You'd release it 
in your backyard to nibble the weeds 
for the next five years, powered by 
solar cells." 

Still another use for the robots may 
be jobs that are too risky for humans. 
"Remember when San Francisco was 
hit by the earthquake, how all those 
people were trapped under the col- 
lapsed bridge?" Bullock says. “If we 
had had the technology, we could have 
equipped a robot with a small tele- 
vision camera and lights and explored 
the area without any danger to the 
rescuers." 


Bugs in space 


But both Bullock and Angle believe 
one of the most exciting possibilities is 
using robots for space exploration. “We 
could make thirty of these robots very 
inexpensively,” Angle says. "You'd get a 
lot more coverage of Mars' surface than 
if you used one large robot alone." Mul- 
tiple robots would also allow for ex- 
ploration in dangerous areas. If a few 
were damaged, the others would still 
be busy collecting data. 

“Besides,” argues Angle, “having lots 
of small rovers to back up a large rover 
could help prevent another Hubble 
Telescope situation.” 
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computer until 2000. Unlike Karpov, Kasparov studied 
50 of Deep Thought's games in detail before playing the 
computer. He believes that the best human players will 
continue to discover weaknesses in chess programs—just 

| as they do in human opponents. Even Hsu agrees: *I 
| don't think any machine will ever become invincible." 


|| Learning from computers 


If Deep Thought does beat Kasparov in their next 
match, not yet scheduled, what then? "There are a lot of 
people who believe that when a computer can beat Kas- 
parov, that's the end of chess,” says Levy. “I totally dis- 
agree." He suggests that computers might be programmed 
to play with different personalities. "You could play a 

| Grandmaster or have the computer play in the style of 
Bobby Fischer." 

Even strong players can learn from computers. Karpov 
used a machine, hand built by Fidelity Electronics Inter- 
national and equipped with Motorola's new 68040 micro- 
processor, to prepare for the championship he narrowly 
lost to Kasparov in January. 

^| started in this believing that humans understood 
everything about chess," says Carnegie-Mellon computer 
scientist Hans J. Berliner, a former World Correspon- 
dence Chess Champion and the designer of Hitech. *I 
was wrong. Machines can find things humans haven't 

j| even dreamt about." Kasparov wonders how we could 
Ji | live knowing that something mentally stronger than us 
|| exists. But when Deep Thought again faces Kasparov, 
the ensuing battle will really be a contest between one 
extraordinary mind and the collective brainpower of all 
the scientists and engineers who have contributed to 
|| chess computing for more than 40 years. PE 
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The next chess champion? [Continued from page 71] 


Hsu's suggestion, Anantharaman wrote a new program 
that searched these *singular extension" branches fur- 
ther into the future. The next year, ChipTest won the 
tournament. 

The four students on the Deep Thought team—who re- 
celved their undergraduate degrees in Taiwan, India, 
Canada, and Germany—attribute the machine's unortho- 
dox design to their diverse backgrounds. One unique fea- 
ture is a system that automatically *tunes" the weights 
assigned to various pieces and positions. Other design- 
ers improve their programs by personally tweaking 
these weights, but Deep Thought fine tunes its own 
weights by evaluating their effects on the outcomes of 
900 sample games played by Grandmasters. 

Deep Thought is currently able to search at least 10 
plies into a game (in chess, a "move" is like an inning— 
one turn by each side—and a “ply” is like half an in- 
ning). The next version will search at least 14 or 15 plies 
deep in most cases and up to 60 plies in a forced line of 
play. Yet even that may not be good enough. 

Human opponents—able to analyze some variations to a 
depth of 20 plies or more—know how to play for a long- 
term advantage, while computers typically opt for short- 
term gains. “Computers have as their prime directive: ‘Eat 
when food is available,” says Michael Valvo. Deep Thought 
excels in tactics, not strategy. "The final machine will be 
clearly superior to anyone in the world tactically,” says 
Campbell. ^We're hoping that will be enough." 

Karpov concedes that a computer will be able to beat 
the strongest human player by 2000. But Kasparov de- 
clared in 1985 that a computer wouldn't be champion in 
his lifetime and recently said he'd probably beat any 
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cated. But we agree that secondary containment should be 
used near environmentally sensitive areas, like sole-source 
aquifers.” “Sole-source” refers to an aquifer that is a commu- 
nity's only supply of drinking water. 
Although controversy continues, Moreau says, “The large 
oil producers are starting to come around. Double-wall | 
tanks appeared in 1984, but did not begin to become stan- | 
dard equipment until late 1989." This move gives hope that 
smaller operators will soon follow, he adds. 
In fact, many in the industry agree that double-wall and 
| jacketed tanks will become a commonplace for storing liq- 
uids underground. "They offer the most promise," says Earl 
p Greer, vice chairman of the ad hoc Committee on New Tech- 
EE | nology for Secondary Containment at the Steel Tank 
BM | Institute, a tank manufacturer's association located in Lake 
Zurich, Ill. “As acceptance of the technology increases and 
the cost comes down,” Greer says, “more and more people 
| will opt for double-wall systems." 


| Moving in on potential danger 


Although new technology may mean fewer areas 
damaged by pollution and contamination from under- 
ground storage tanks in the future, the EDF's Silbergeld is- 
sues a warning: "Patterns of population growth indicate 
that there will be more people moving into areas that get 
their drinking water primarily from ground water,” she ex- 
plains. “New technology can help protect them, and new 
| underground storage tanks with built-in monitoring sys- 

tems should be both commended and encouraged. 

“But technology is only part of the answer," Silbergeld 

| continues. “People have to start thinking more about what 
"tuu | theyre putting in the tanks and where they're putting them 
Hy We in the first place.” 
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Leaking tanks [Continued from page 79| | 
tain 10,000 gallons may cost an extra $5,000 to $10,000; 
double wall, $15,000 to $20,000. 

However, many tank owners say that longer-term consid- 
erations easily justify the additional expense. Bruce Sheets 
of the Lewis Oil Co. in Gainesville, Fla., a regional gasoline 
distributor and station owner, purchased 13 jacketed tanks 
for installation in environmentally sensitive areas. 

Cleaning up leaks, Sheets says, can range from about 
$100,000 for relatively localized leaks to millions of dollars 

_ for large-scale contamination. The average cost for remedia- 
tion is estimated to be $200,000 to $250,000. Double-wall 
tank systems also provide owners with significantly lower 
annual premiums for liability insurance, he notes. *Let's 

| just say I sleep a lot better at night with those in the 
| ground,” he concludes. 


Make it a double 


Still, the acceptance of double-wall tanks seems slowed by 
the same combination of elements that has retarded envi- 
ronmental awareness of underground tanks in general: a 
highly competitive tank industry, fractious environmental 
laws, and the resistance of tank owners to change. “The tank 
industry and the oil-marketing industry particularly have 
been slow to accept the idea that they need new technology,” 
says Marcel Moreau, a petroleum-storage consultant and 
author from Portland, Maine. 

Dr. Rudy White, manager of operations and engineering 
for the American Petroleum Institutes marketing depart- 
ment in Washington, D.C., says the API does “lobby against 
the universal application of secondary containment. We 
think it's overkill. A lot [of whether or not the tank presents 
an environmental threat] depends on where the tanks are lo- 
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TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair - "real world" information that is 
NOT available elsewhere! 

Also includes all the info you'll need regarding 
the BUSINESS-SIDE of running a successful service 


operation! FREE INFORMATION 
CALL TOLL-FREE 1-800-537-0569 
Or write to: Viejo Publications Inc. 
5329 FOUNTAIN AVE. 
LOS ANGELES, CA 90029 Dept. PS 
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dropped on top of the clay layers, the 
soft upper layer would gradually con- 
solidate as the water was squeezed out, 
and the island would sink. Uneven set- 
tlement might result in a bumpy run- 
way and a sagging terminal building. 

“We did not think the settlement of 
the diluvial clay layer would be great,” 
Higuchi says. “We thought the major 
change would be in the alluvial layer.” 

To minimize uneven settlement, engi- 
neers are compacting the weak alluvial 
clay before constructing the runway and 
buildings. To speed the dewatering of 
the clay, engineers have installed sand 
drains. The weight of the fill forces the 
water out through the drains (see box). 
A sinking feeling 

To the embarrassment of project 
officials, gauges placed in bore holes at 
a 14,3-acre pilot site that was filled in 
at the start of construction show that 
the island is sinking into the clay layers 
at the bottom of Osaka Bay much faster 
and deeper than predicted. “We now 
know that the settlement of the alluvial 
layer will be less than we expected, but 


| much faster than we expected,” Higuchi 


says. “The major difficulty is the set- 
tling of the diluvial layer.” It seems the 
total settlement will be at least 6’ feet 
more than originally estimated. 

Simply adding another 6'^ feet of fill 
would fail to take the new material’s 
compaction into account. To be safe, 
the island will get an extra 11's feet of 
soil. The total depth of the fill will now 
be 108 feet. 

Without compaction of the clay, the 
top of the island would be 49 feet above 
sea level. Engineers say the actual 
height will be 31 feet when reclamation 
is complete, and 18 feet when the air- 
port opens in 1994. After 10 years, they 


| expect the island to stabilize at 13 feet 


above sea level, out of reach of the worst 
storm waves expected. 

The island construction project was 
awarded to Japanese companies, but 
the Kansai International Airport Co. 
conducted an international competi- 
tion to select the architectural compa- 
ny. The Paris office of Italian architect 
Renzo Piano won with a simple but 
stunning design. 

Noriaki Okabe, the architect who 
headed up the project at Pianos office, 
says that his team tried to look at air- 
ports from the standpoint of passen- 
gers. "In a lot of airports, you lose your 
sense of direction," he says. “We wanted 
to make the layout easy to understand, 
without having to figure out signs." 

All aircraft gates are arranged along 
a 4,462-foot-long wing projecting from 
the ends of the main terminal. Passen- 


| gers move in straight lines, carried by 


people-movers, so they're not likely to 


Island airport (Continued from page 63] 


get lost. They can transfer from do- 
mestic to international flights simply 
by going from one floor to another. 

To further orient passengers, one 
side of the building and the island will 
be the "air" side; the other, the "land" 
side. Looking out the air side, people 
will see the runway and the planes; on 
the other side will be the railway and 
roads that will provide access to the 
mainland. 

The land side will also be planted 
with trees. The foliage will extend into 
the building in a "green canyon," a 
tree-filled greenhouse running the 
length of the terminal building. 

On the air side, the building will 
have the rounded shapes of aircraft 
and a skin of stainless steel and glass. 
International departure passengers 
will check in on the third level, under 
a soaring roof that resembles a mas- 
sive airplane wing. 

"This shape is defined by aerody- 
namics," Okabe says. He explains the 
difficulty of controlling air circulation 
in large, high spaces: Warm air rises 
and gets trapped, while cold air drops 
in drafts. The typical solution is to 
place massive air ducts in the ceiling. 
But Okabe's architectural team was 
after something “more elegant.” 

Air jets mounted above the floor on 
the land side of the building will fire 
streams of air along the surfaces of 
open ducts suspended between the roof 
trusses. The air will be drawn into 
vents as it falls at the far side of the 
269-foot span. Computer simulations 
and tests of a one-tenth scale model 
matched the curve of the roof to the 
natural curve of the airstream. 

Four companies—Renzo Piano 
Building Workshop Japan, Aeroports 
de Paris, Nikken Sekkei Ltd., and Ja- 
pan Airport Consultants—teamed up 
to prepare the final design. 


Making a slight adjustment 


Level settlement is even more critical 
for the terminal building than for the 
rest of the island. To compensate for un- 
even settlement, jacks allowing as 
much as 15 inches of adjustment will be 
installed between the foundation and 
the columns of the terminal building. A 
built-in system of fluid-filled devices 
will monitor the floors’ level. 

Last winter, engineers were still 
working out the details of how to cope 
with the greater-than-expected settle- 
ment. In December, company officials 
finally admitted that the airport open- 
ing would be pushed back until the 
summer of 1994, more than a year lat- 
er than scheduled. But whenever it 
opens, Kansai International Airport 
will be breaking new ground in design 
and construction. Pid 
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 cars...they go up every year! Cars get SO) 
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add an engine flush. Just pour it in | — 
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and drive away. 


Your throttle will get silky o 
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One customer said his car "takes off 
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* Engines last longer with Tufoil, Our 


3 1976 476 T-Bird is now at 190,000 
> miles and purring. 


A bunch of customers’ cars have now | 
3 passed 250,000 miles. 


"~~ Several months ago, a nice man I'd 
> never seen before walked into my of- 
1 fice, big smile on his face, sat down 
2 and said, "Would you believe 340,000 
: 225 miles on a Tufoil engine?" He went on 
o iter LAS! LONGE DERBI to rave about how well his engine has | 
ue > been running all these years. I 
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y Recently, a truck driver called in with | 


over 1,000,000 miles on a diesel using 


BS Tufoil - WOW! 


A customer from Vermont added 10% 
Tufoil to his sticky mechanical trans- 


>) mission, called in and said he couldn't 
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ment tested Tufoil at it’s cold regions 
lab. They showed faster cranking and 
significant fuel savings with Tufoil. 


What about additives that claim to be 
a one-time treatment that will last the 
life of an engine? Well, I've been fol- 
lowing the scientific literature on 
lubrication for a very long time. As 
far as I know, there isn't a shred of 
scientific evidence for such a claim. 
So don't believe it! 


FREE... Products based on TUFOIL technology. Check | pas 


quicker starting, snappy acceleration! If 
you don't, just send us poo of purchase 
with a note describing the year and make 
of your car. We'll refund your $ 14.25 
immediately. 

Send for Tufoil today and prove to your- 
self the amazing increase in your car's 
performance. Fill in the cou; today 
or call TOLL-FREE any time, 24 hours a 


day. 
1-800-922-0075. 


(in New Jersey, call 201-825-8110.) 


magazine. They report spectacular 
improvements in their engines and 
transmissions! 

Don’t forget! Tufoil is the result of 
over 15 years of research and develop- 
ment. The U.S. government has 
awarded us 6 patents so far...so have 
Germany, England, France and 
Canada. 
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equal to eight normal ratchet motions. 
Of quality construction, the Sidewinder 
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Road warriors (Continued from page 75) 


mored car of an influential TV-station 
owner. When 40 rounds from a 9mm 
submachine gun failed to penetrate the 
glass, they called in a backup 7.62mm- 
caliber weapon and fired again, killing 
the driver, wounding the bodyguard, 
and grabbing the executive. 

Not all vehicles are candidates for 
armoring. EAC avoids most smaller 
cars because they lack the power to 
handle the extra weight. Sports cars 
are out too. “We had one customer 
who wanted us to armor his Lam- 
borghini Countach,” Burton says. “We 
talked him out of it.” The reasons: The 
car was too small, too flashy, and too 
impractical. Big four-door sedans and 
four-wheel-drive vehicles are the most 
popular. EAC’s favorites include the 
Chevrolet Suburban and Caprice 
Classic, the Mercury Grand Marquis, 
S-class Mercedes, and 5- and 7-Series 
BMWs. Prices run from $65,000 to 
$75,000 for the basic conversion plus 
the vehicle’s purchase price. 


The construction process 


As it begins the 8- to 12-week con- 
struction process, a vehicle is first gut- 
ted of its instrument panel, seats, in- 
terior, and glass. Then the contoured 
sheets of armored steel are welded in- 
side the doors, roof, floor pan, and fire 
wall, and between the trunk and pas- 
senger compartment. Because it’s not 
practical to weld the steel to the sheet 
metal, a perimeter frame is first 
mounted inside the panel and the 
steel is welded to that. Adjacent pieces 
are carefully overlapped and welded 
to each other for additional support. 
At lower defeat levels, fiberglass ar- 
mor might be substituted for steel in 
some locations. Roof supports are 
sliced open, armored, and welded 
shut. No area can be left unprotected. 
In 1984 Italy’s Red Brigade terrorists 
were able to assassinate expatriate 
American executive Leamon Hunt in 
his armored Alfa Romeo because the 
armorer had neglected to protect a 
narrow strip where the back glass met 
the roof. Tipped off, the gunman fired 
at the weak spot and killed Hunt. 

To cope with the 800 to 1,000 pounds 
of armor, EAC installs heavier springs, 
gas shocks, and heavy-duty brakes. 
Engine power can be increased with 
superchargers, turbochargers, and 
even injections of nitrous oxide for 
bursts of emergency horsepower. At 
EAC’s plant were a row of new 
Suburbans awaiting supercharged 
454-cubic-inch engines that were prob- 
ably capable of 450 horsepower. EAC 
prefers to leave the power plant stock, 
though. Explains Burton, “We don't 
like to modify them. It voids the war- 


ranty—and try finding someone 


to fix it in the boondocks if it breaks.” 

Burton is also cool to some of EAC’s 
more exotic options, the $750 oil-slick 
ejector, for instance. At the press of a 
button, a 15-gallon oil tank will dump 
its load in front of a pursuer. (“Not 
much use in a typical attack, and it 
adds weight,” Burton says.) Run-flat 
tires are optional, but rarely recom- 
mended: Most vehicles can limp away 
from a fire fight with one or more 
tires shot out. The $695 dual-ram 
bumpers are a more useful option. 
The classic terrorist attack begins 
with vehicles blocking the road ahead 
of the target. These stock-in-appear- 
ance but heavily reinforced bumpers 
allow an armored car to bunt aside 
obstacles without hammering its 
fenders back into the tires or punctur- 
ing the radiator. 


Coming to the United States? 


Today EAC’s annual production is 
exported mostly to Mexico, Latin 
America, the Middle East, and the 
Philippines, but domestic sales might 
pick up. Scotti predicts that the un- 
precedented wave of violence un- 
leashed by the Colombian drug cartel 
may shift to the United States. “If 
they can't intimidate the Colombian 
people into repudiating their extradi- 
tion treaty with us—and they haven't 
yet—theyll almost certainly go after 
us next, he says. "These men are 
among the richest in the world. They 


buy and control entire armies. We 


haven't even put a dent in their busi- 
ness, but we will if the Colombian gov- 
ernment keeps arresting them and 
sending them here for trial. If we 
think they won't go after us if we start 
hurting their business, we're danger- 
ously naive." 

Armorers have noted a disturbing 
increase in the use of roadside bombs. 
In December 1989 a powerful German 
banker, Alfred Herrhausen, was killed 
in his armored Mercedes-Benz by Red 
Army Faction terrorists. A sophisti- 
cated photoelectric beam and timer 
were used to detonate the bomb just 
as the Mercedes' rear door passed by. 
Many armored cars have weathered 
similar blasts, because the killers' 
timing was off. This time it wasn't. 

Burton is philosophical about his in- 
dustry's future in the face of increas- 
ingly powerful and sophisticated wea- 
pons. "Whenever they come up with a 
new threat, we'll develop something to 
defeat it," he says. In the meantime, 
EAC's armored cars are not guaran- 
teed to give eternal life, but it is likely 
theyll get their owners to the office 
and back every day, regardless of bul- 
lets, grenades, and the occasional car 
bomb. HS 


ive low risk businesses you 
can start yourself for 
practically nothing 


If you want to start your own business, NRI's got 
the training to get you there. 
Everybody wants to get ahead, 


but most people don’t know where to 
start. Now, NRI not only shows you 


Start your own building and and save 10% to 50% by building it yourself. Check 
eddie into building construction as your opportunity field. 
, business ! S | ! n 


five opportunities for good money, 
advancement, even a business of 
your own, but gives you the skills 
you need to get there. 

Here are five fields (two here 
and three more on the other 
side) still wide open for the 
NRI trained specialist. You'll 
have low start-up costs, and 
your risk is practically non- 
existent. You can tailor the 
size of your business to 
whatever you can comfort- 
ably handle. Stay a one- 
man lucrative business, part 


or full-time, as long as you want. Yes, NRI hands-on training 
can give you the skills to take advantage of five golden | 
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Today, few homes or commercial buildings go up 
without central air conditioning. Millions of window 
units in older homes require maintenance and repair. 
Heat pumps have become so popular, they're now as 
common as furnaces. And commercial refrigeration calls 
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. for skilled technicians to install and service walk-in 

coolers and freezers, ice makers, and food cases. It all 

adds up to tremendous opportunity for the trained air 
conditioning, refrigeration, and heating technician. 


Training Includes Professional Tools 

NRI trains you to land a good-paying job, pick 

up extra income in your spare time, even start a 

business of your own. You're ready to jump 

. right in because NRI includes the tools you 
| need. . . system analyzer, leak detector, 


opportunities: tubing and joint tools, even a top-quality 
No Experience Needed vacuum pump for purging systems. 


NRI starts you with the basics then builds your 
knowledge and skill a step at a time, all the while adding 
practical know-how through hands-on training. You even 


get the tools you'll need in the busi- 
ness. And you learn at home in 


Check out the opportunities shown in 
NRIs Air Conditioning, Heating 
& Refrigeration Catalog. 


editi is Eam big Three more low-risk 
E profits businesses on the 
Get the know-how you need to heating, and refrigeration 


become a foreman, supervisor, or 
contractor in a business for yourself 
with NRI's Building Construction 
course. Housing starts are up, and 
that means big profits waiting for 
successful builders. Over 18 million 
families will be buying new homes in 
the next 10 years alone. 


Over 100 Hands-On _ McGraw-Hill Continuing Education Center 
Training Projects Washington, DC 20008 cM | 
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ready to start your own building and 7 
remodeling business, move up in the Name (Please print) Age 


lucrative building industry or simply 
move up to the home of your dreams— 
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Three more businesses 
you can start yourself 


Security — ER — 
| Electronics e. Locksmithing 


Gain | 
s as a Locksmith 

Earn good money iare: keys, even 
more repairing and replacing locks, top dollar 
installing new home security systems. NRI 
trains you for all three in one complete 


Any one of these five opportunity fields 
(three here plus two on the other side) could 
be your chance to be your own boss. 

You can be confident thar the skills 
you ll master in the NRI course you choose 
will be sure to please your customers. And 
since the tools and equipment you get in 


your course are yours to keep, you ll have ev- coursc. 
erything you need to get started. mn \ | Income While You Learn 
| —!— ' Includes professional key making ma- 
3 Make Good Money in chine and all the tools you need to start earn- 
- Security Elecironics Hands-On Training With ing profits Au up to seal een while — 

Dy 1991, Americans will spend over $17 Professional Securi S stems carning. | nere 15 p enty o opportunity in 
billion on electronic security services and equip- NIB sivesoue units Y y ieii replacing automotive keys, oes locks in 
ment. For you, that means a breakthrough 7n arem Zn: duni ^ nr iil apartment houses and office buildings, 
opportunity to get inonthe ground floor of a pus | SH 5s-on experience with t Vs newest, installing electronic security systems in 
booming new industry. Now, no matter where most popular security systems. homes and offices. Check into NRI's Lock- 
you live, you can start a high-paying career —even You train with and keep a professional smithing and Home Security training and 
a business of your own — installing and servicing CCTV system and quality electronic home and see how you can get the skills and equip- 
security systems in homes and businesses alike. auto alarms, actually safeguarding your own ment you need to start your own profitable 

Best of all, NRTs ready now to give you property as you gain the expertise you need to locksmithing business. 
the security electronics training you need to get move fast into an exciting new career—even a New Aboun 
started fast. profitable business of vour own. da in Repair 

Se d a | TE a rà Today, there are over 65 million 
T) card today for free N RI catalog small engines out there, and many are 
(‘Check on the other side for the catalog you want) waiting for qualified servicemen to fix 


| "NA them. And each day, more and more 
Gu SS A aS -J equipment is being manufactured 
from bush hogs to snow blowers, all 
powered by small engines. The opp 
tunities are growing, and only NRI 


NECESSARY can give you the training and all the 
IF MAILED tools you need to start your own busi- 
IN THE ness in this big demand field. 
OSTA 5-HP Engine, Alternator 
inciuded 


Your training includes all the 
tools you need for engine tune-ups 
and diagnosis, plus a 5-HP Tecum- 
seh engine with electronic start and 
a power generator you build. 


NRI gives you an unbeatable 
combination . . . all the tools and 
hands-on training you need for a prof- 
itable engine repair business of your 
own 


Send for FREE NRI Catalog 

If some other ambitious person has 
already sent in the card, write to NRI 
Schools, 4401 Connecticut Avenue, 
NW, Washington, DC 20008. 
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Fiber optics head forhome 


tinu ed | rom page 67 i 
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ing Bt figures and 2 what to read 
on that basis," says Michael Littman, a 
team member. 

Step into another room at Bellcore's 
Morristown center and even though it's 
empty you may feel you've interrupted 
a meeting. That's because an eight-by- 
three-foot ^window" in the room is actu- 
ally a video screen linked by 55 miles of 
optical fiber to an identical rear-projec- 
tion screen at Bellcore's lab in Red 
Bank. High-resolution color-TV cam- 
eras merge multiple images on the 


For over eigh! years Printers Plus has helped thousands of buyers sort through the myriad of advertising 
claims to the one printer that best meets their needs. And with over 100 printers to choose from 
(including 30 lasers) you can be sure we have exactly what you need. Don't forget to ask about our 100% 
compatibility guarantee . . . an industry first! Plus, we're an authorized dealer for every printer we e carry 


screens. As a result, lifelike full-size pic- | | Ness 


tures make it appear that someone—or | 


a group of people—is behind the screen 
in the adjacent room. High-fidelity mi- 
crophones and speakers deliver superb 
sound. Bellcore, which is licensing its 
VideoWindow, says classes, meetings, 
and conferences are among the many 
applications for the system. 

Variations of VideoWindow may be 
adapted to bring super-picture-phone 
service to wall-size TV screens in 
homes. Standard picture phones the 
size of portable TVs, with full-motion 
instead of freeze-frame images, will be- 
come available as fiber networks are 
extended to homes. Also, of course, 
simple setups using video cameras will 
be able to send pictures from one home 
to another. One advertisement promot- 
ing VideoWindow shows a family 
"sharing" Thanksgiving dinner with 
distant relatives. 


Video by telephone 


Entertainment on demand, through 
automated audio or video libraries of 
discs and cassettes, is likely to become 
an important fiber-optic service. A few 
limited trials have been organized to 
test equipment and subscriber reac- 
tions. GTE Corp. cooperated with a ca- 
ble-TV company in Cerritos, Calif., and 
other companies to bring dial-up film 
service to five subscribers. Based on 
their requests, a worker at a central of- 
fice loaded video cassettes into a ma- 
chine. Most participants, however, en- 
joyed an elaborate pay-per-view 
service—some 30 simultaneous pay 
channels sent over coaxial cable. Also, 
Northern Telecom participated in a tri- 
al with Southern Bell and a local cable 
company at Heathrow, a private hous- 
ing development in Orlando, Fla. 

Development of a nationwide fiber 
network has been bogged down by regu- 
lations and other restrictions. Experts 
meeting at a symposium last fall to dis- 
cuss U.S. technology developments 
echoed the growing impatience with de- 
lays. Said Dr. George Keyworth, former 
science adviser to President Reagan: 
“The fiber-optic network should be 
looked at as a prolific tree, and the fruit 
will be the business it creates.” 


Seiko Instruments © Canon: 


ColorPoint PS " 


* Full page, Full color printing * Portable convenience 
® High quality, 300 DPI resolution e 360 x 360 DPI resolution | 
A e 35 LaserWriter NT Postscript fonts * 83 cps in High Quality Mode Pa 
«| * Auto-select for parallel, serial, e Optional sheet == lom 
(| Localfalk® & Applelalk* feeder and 4 7 AS 
Cien GON | Cann LEPA | OMS FEID | 
Authorized Bs — 
Dealer PRINTERS $ 5 5 50 PRINTERS $3 40 
PIUS PRICE wy PLUS PRICE ! 


LIST PRICE: $499 DU) 


GSA Phone No. 1-800-486-4472 


IBM [5552 


GSA No. 65-00K-90-465-5203 


" ^ f damm am a y adhach — 1400 Duke Street PSCA 
BA'JII VP / /| MAP D Meandria, VA 22314 
L af | Å FAI y' db Á Å Lie eam. mb (703) 706-5310 

TEM VON Ow 4 JA X7 WO SZ HOURS: Mon. - Fri.: 9 am - 7 pm EST 


IBM — sla iih in —— K Met Area 


' FUN TO BUILD = FUN 1 


Sleek, Lightweight Electric Sports Performance With Gas In 

Build your own electric vehicle now withinexpensiveandre- — The Subaru flat-4 version does 0-60 in 8 seconds and ex 

liable components. Tops 80 mph and travels 60 2 i ge vay 

miles on a 1 10V charge, costing only 3 to pe 

7 cents per mile. Ideal for quiet, 
| pollution-free commuting, 


Sat.: 10 am- 3 pm EST 


E 
p 


Fully Detailed Plans 

Plans cover both the electric and gas ver- 
sions with 96 pages of photos, illustrations 
and precise construction details. We've 
included many ideas for customizing your 
vehicle and building your own design. 


Fully Detailed n rieg- 


Plan eand | 
$ $395 i hig es 


24-hour credit card line for plan t 


800-388-8770 or 702-352-5: 


Aow 2-4 weeks for delivery. 


DORAN 


MOTOR ren 
3425 Ridgecrest Dr., Dept. JA2 
Reno, NV 89512-1443 USA 
Illustrated brochure and spec, package: 

$5.00, check or M.O. by mail only. 
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“Say, $mokey—" 


A dini on cars by Smokey Yunick, America's most famous mechanic 


Disadvantaged van 


Since it was new, my 1984 Plymouth 
| Voyager minivan with the carburetor- 
equipped 2.2-liter engine has had a 
nagging, infrequent problem. After 


driving at interstate speeds in moun- 
tainous terrain for a couple of hours 
or more, the engine may die almost 
instantaneously without warning. 
After coasting to the side of the road 
the engine can be restarted, and it 


The problem has never occurred with 
the fuel tank near full, and if I'm hav- 
ing problems, they can be stopped by 
filling the fuel tank. As you can see, I 
have learned to live with the problem, 
but would appreciate your thoughts 
on a proper fix. My dealer has 
checked the vehicle over, but never 
found anything wrong with it. 

D. D. Hamann, Raleigh, N.C. 


The next time the engine quits, pull 
off the gasoline cap and listen for the 


will idle and run normally soon after. 


At last: a safe, effective 


solution for back pain. 


According to medical and 
fitness experts, specific 
strength training can bring 
you relief from back pain and 
help prevent back pain from 
returning once it's gone. 

Now, the new Nordic UNS. 
Fitness Chair provides a safe, 
effective way for you to 
lessen, or even overcome, 
your back problems. 


Strengthen the 
muscles that support 
your back. 


Medical research shows that ^ ^ 
by strengthening your 
muscles, especially your 
abdominal and lower back 
muscles, you increase support 
of your spinal column. This 
relieves your back from 
unnecessary stress; reduces your risk of back 
pain and injury; and hastens recovery if 
problems have already occurred. 


Na W.. 


In addition, strength training reduces tension 


and stimulates the production of natural pain 
killers . . . providing further relief. 


The new Nordic Fitness Chair 
adjusts to your fitness level. 

The Nordic Fitness Chair holds your back in 
a posturally-correct position throughout the 
workout, making it possible for you to get a 


workout at bome. One that's safe 


complete upper-body workout 
even if you are bothered by 
back pain. 

Working with an exercise 
physiologist, we've even 
developed nine specific 
exercises to help strengthen 
your back. 


| Ask your doctor. 

si Send for more information 
on how the Nordic Fitness 
Chair can help you conquer 


it with your personal physician 
or back specialist, then follow 
. his or her prescription. 


Try the Nordic Fitness 


‘eeta heath cub Chair in your own 
t home. home for 30 days, 
for your back. with no risk or 
obligation. 
NORDICFITNESSCHAIR 


from NordicTrack 


Call or Write for a 


FREE VIDEO 


& Brochure 


1-800-848-7786 5: 


NordicTrack, A CML Company, Dept #894C1, 
141C Jonathan Blvd. N., Chaska, MN 55318 


LOOK MA! 


NO WIRES | 


With Innvision you don't need wires to send a 


Set comes complete with one 
transmitter& one receiver. 
$5. 00 + $5.00 Shp& Hndl. 


crystal clear picture from your VCR, Cable box, 
Laser disk playcr or Video camera to any room in | 
the house. Innvision also allows you to watch one 
video source while transmitting a different source 
to another TV. Innvision transmitts up to 120 feet 


Highest Quality 

One Year Warranty 

30 Day Trial Period 
Easy To Use 

Satisfaction Guaranteed | 


through walls, floors, etc. 


TO ORDER OR REQUEST 
OUR FREE CATALOG CALL 


-800- 624-1150 


| FAX (402) 392- 0991 

Or Write 
M.D. ELECTRONICS 7 
875 So. 72nd Dept. V Omaha, Ne. 68114 


Model #2020 


back pain. Review and discuss | 


hiss of a vacuum condition in the 
tank. It may be that the venting sys- 
tem is in need of attention and it may 
be preventing the fuel pump from 
pulling enough gasoline to supply the 
engine. Check the system all the way 
from the cap ttself to the evaporative 
canister in the engine compartment. 

When you're driving in the moun- 
tains, your engine also runs hotter. It 
could be that the exhaust system is 
heating up the tank or fuel lines and 
causing vapor lock. There's also the 
possibility that the fuel pickup in the 
tank is leaking (sucking air when the 
level is low) or dirty. 


Keeping your cool 


The owner’s manual of my car says 
that the cooling system overflow 
reservoir should be kept up to the full 
mark when hot. I can see how the 
pressure cap relief valve will allow 
heated coolant to run into the res- 


| ervoir, but my high school physics 
| lessons tell me that the coolant could 


not run back through the cap and into 
the radiator. Please clarify how mod- 
ern cooling systems work. 

Edwin Coleman, Concord, N.H. 


The radiator cap is designed to main- 
tain pressure in the entire cooling sys- 
tem, to raise the boiling point of the 
coolant beyond the normal 212 de- 
grees F, and to reduce cavitation in 
the water pump. Look closely at the 
cap and you will note that it is dou- 
ble-sealed and double-valved. As 


coolant is heated and expands, some 


is pushed past the check valve and in- 
to the reservoir or expansion tank. 

When the engine cools and the cool- 
ant contracts, a vacuum is formed in 
the cooling system. A vacuum check 
valve opens, and the coolant is pulled 
back into the engine. (On some auto- 
mobiles, there is a hose that runs 
from the suction side of the water 
pump to the bottom of the coolant 
reservoir, with no provision for vacu- 
um recovery.) You can see the reason 
that it is critical that all the seals 
and valves are operating properly for 
the cooling system to be able to do its 
job. 


Got a problem? Send it to "Say, Smokey—," POPULAR 
SCIENCE, 2 Park Ave., New York, N.Y. 10016. All letters 
are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey 
cannot reply to letters not selected for publication. 
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HARD-T0-FIND, UNIQUE PRODUCTS for HOBBYISTS, GADGETEERS and STUDENTS 


British Museum Dinosaur 
Replicas Sculptured 
By Museum Craftsmen. 


Super Saver Price on All 19 Models 
38,897 $64.95 m, ile 


items can be purchased separately | G) Pliosaur 


real rubber 


Microscopes, science Kils, Lab Equipment, Toys, 


i^, Museum are from fossil remains and other prehistoric 


from America’s Largest Mail-Order Market Place of Unusual Values in Telescopes. Binoculars, Magnifiers, Solar, 454 
Military Surplus, Lasers, Photo and Weather Instruments. 
"Crush-A-Can" 


These beautiful models were sculptured by the craftsmen of the The Vortx!™ More Than A Money V^ Bank! | E $3.49 
British Museum (Natural History), London, in solid unbreakable Performs spinning tricks and high maneu- "nu | Com pletely Flattens Save oe 
self-colored modern plastics material. The shape, size and skin vers. Drop a coin onto the launching pad, | : n our 
textures of these Creatures arg as Imagined by the British spin the Wort unit in à circular mation. I A Can To Only Üne Inch. 


This creates an immense amount of speed 9) 

Causing the coin to spin around and 5^ (CE 
around until it finally drops to the bottom 
storage area “The langes! continuous 
rolling so lar is 33 hours, 15 minutes? 
Challenge your skills, spin the coin back 
up the tunnel ar spin it upside down, plus 
more Made of tough polypropylene. iri- 
| structions included PM37,832 $14.95 


nce. Each in proportioned sizes measunng from 
+" to 191" long. 


~~ Rainbow Light Display. 


Qur equilateral prism mounted in a specially 
4 desgned wooden base catches the sun and 


PM38.741 $2.39 


Sihigle idm. just pull the lever 


Our Most s Sirm Science Fun Assortment 


AJ Megalosaurus PM36,741 53.49 HÌ Mamenchisaurus PM38.740 $5.49 | H) iquanodon PM36,744 $3.89 | " roi ts tha gugr-chan in fa nbow atterns I ; : 
B) Scelidosaurus PM36,736 $2.19 |I) Brontosaurus PM38,739 $5.49 | 0) Muttaburrasaurus PM38,742 $2.29 etic Walls. cid ard foe Hreaimost | Helps promoie a cleaner envi. Vespeskce rf ge ture ipei ep iil cai 
C) Glyptodon — PM36,737 $2.19 | J) Ichthysaurus & StandPM38,711 $4.39 Tyrannosaurus —PM36,745 $4.89 i| | like being inside a multi-faceted diamond, | ronment and condenses trash KE pnts Mera with these favorites: 
^" Pteranodon PM36,738 52.19 | K) Brachiosaurus eid 749 $16.79 | 0) Woolly Mammoth PM36,743 $3.89 AU. | Glass equilateral prem is 2^ (50mm) long | in your home. No more bulky ss 

E) Stegosaurus PM36,739 $3.19 |L) Oiplodocus PM36,748 $7.59 | R) Plesiosaurus PM36,746 $5.49 i with 1” (25mm) faces. Wooden mount is | garbage bags. Easy to mount. | * Perpetual drinking bird A $25.44 Value 
F) Triceratops — PM36,740 $3.49 | M) Certosaurus PM36,747 $5.49| 8) Blue Whale PM36.742 $3.49 D 215" 138^ en PM5,064 $6.95 | Light tan. All steel model meas- | * Whirling gyroscope MM an 

Top Quality 10 x 50 High P d Bi — Urb te x A8 x M * Sun-powered radiometer L $495 
Build This 12 Inch Turbo Engine And Watch | Top Quality 10 x o Powered Binoculars | Build This Authentic Deadly German U-Boat. PMa5,278 $32.95 | Amazing d bird PE. eH 
How All The Movable Parts Really Operate. ou Astronomers And For Surveillance Work. it's Motorized To ,J | nein di Kali [RE a Sono Saas 
nT ur exceptional quality ES Adlerblick 10% 50 binoculars was | 


movable i moss. 


fan bell and timing 


cluded. Engine model is 12" 
long, molded in blue, red and 
silver plastic, Comes com- 
plete with instructions (plastic 
glue is not included). 
PM38,910 $44. 


— tá Digital Thermometer Shows BOTH 
|I———— Indoor AND Outdoor Temperature, 


god For Day's High AND Low! 


Now. you'll know at a glance, 
| with large, easy-to-read LED 
‘readout numbers, both the 
| outside and inside tempera: 
—— lure. Thermometer also re- 

===" cords high and low readings. 
|F" or C? selectable —4(^F to 
4+122°F. 7x3'Ax34" Easy to 
| mount. Uses 2 "A batteries 
| (not incl. ) Complete with 1 
probe sensor cord. PM38,038 $42.95 


Com 


Ej 
PMS066 
Reg. $109.95 


SALE 
$79.95 


ula, knife and tweezers 


Ultra-Sensitive Directional Sound Mn Hii! Motors WM Ba 


Picks Up Signals 200 Feet Away! ~ 
Used for police surveillance and excellent 
for nature study, microphone and head 
sel amplified sounds up to nes feet aay 


of animals al distances ihal | 
are aut of hearing range — ^ 
its light enough (only 3*s x 


ular one 


oun ces) so the mic Top z s 
can be mounted on your binoculars. Com ES i 

pact. measures only 12° Powered by 1 AAR i \ 
battery. included. Frequency response 200Hz to 800Hz. out- 

put level 49 db's maximum. Complete with padded microphone, 
amplifier and headphones. PM38,042 $49.95 


Build Your Own 2000? Solar Furnace With This 
Fresnel Lens And Harness The Sun's Rays! 
NDA A You'll be able to use this pre- 
__ Cision lens as a solar cooker 
jz ~ for heating food, as a kiin for 
Z- pottery — and even fo melt 
A> metal or for other solar ex 
periments, Lens has an B'2" fl. SO lines 
per inch, measures 10 sx10U»7 14," thick 


Unmounted lens comes with 16 page 
book, "Fun With Fresnel Lens” Instructions 
included on how to build the 360° stand 
» and frame shown.  PMTU.533 $26.50 


Build A Work V-8 Demonstration Engins. 
A greatintroduction into what's 
behind your gasolne-powered 
engine. The Vs scale realistic 
model contains over 
A 5 , 100 moving parts. You 
d, i = can actually watch the 
k crankshaftrotate, spark 
^ plugs light up, valves 
yen and close, rods and pis- 
to is MOVE. Easy to build, 
requi s model glue for as- 
akes tv oc batteries (not incl ) 
with stand. PM70,448. $42.95 


CE} For Phone Orders, Call 
| E | 1(609) 547-8880 


| [Li 
for friendly special treatment 


€ MasterCard, Diners Club, Am. Exp., Discover, 
Carte Blanche or Optima. Call anytime, 24 hours a day. 
MOST ORDERS SHIPPED WITHIN 48 HOURS 


‘sembly, 1 
Ll HTI aeti 1n 


Delt. ' 


Includes lights for "firing" z:3s35e33s. | m 
+ Spark plugs, moving pistons, B nud ea num construction, easy-to- PM38,412 | Jumping $ 
> connecting rods. operati ng ET. Quay Dock iui TI $2295 | Quarters T 
distributor and moving crank- 7 an quali ck leatherette fin- 
shaft and camshaft, l kese iw ish. Other features include: | Authentic 1450th scale model of the German Type VIIC sub- | Leap 3 


high performance parts in- M 


* Handsome slorage carry case 

* Shrimp egg hatchery with eggs and sea 
salt + 3 color cones, magnifier 

* Dissecting kit with scissors, needle, spal- 


n spection institute 


he lightweight compact design 


features all-metal alumi- 


marine is motorized to run and dive. Assembling this kit will | 
teach the basic engineering principles of submanne operation 
and buoyancy. Parts are molded in realistic battle colors, only | 


Feet Into 
The Air! 


e Maximum brightness 
with BAK-4 prisms 
e Special glass materials 


and UV coatin lue and common hobby craft tools are required. Powered by | fyll of fun and surprises. 
| T % * Pin-sharp bs over IT cells (not incl. ). Finished model is approx. 18 inches long. Simply click fe (ume. 
Ge whole field of view, even | ing disc between your 


gs ot the edges | = = fingers, rub decet 
jy. D." Extra ap le dk tp Moon-Blob, It Crawls Out Of Containers ag BAIL 
SALE—SAVE $50 Reg. $299 AE35.445 $249 / ANd Looks Alive As It Creeps Uphill. =") face and 
POP! 1t leaps 


Moon-Blob has unbelievable properties 
and is fun to play with... if acts alive and 


into the arr, 3 


“700 Science Experiments For Everyone" — feet high tka 


Edmund's Famous. 


, Only Two Potatoes. D a 


We call it the Two- 
Potato-Clock. It's pow- afo. ==: r 
ered by two potatoes ||| qm 

(no batteries needed). |, 1. 
Bi-metal probes actu- || 34 iE 
ally convert the natural || “= T; 
ingredients to low- = 
voltage electrical output Can also be powered by plants, 
soda pop, fruit and even beer. Clock has Ve" L.U. digital 
display that shows hours, minutes, seconds and date. Fur 
and simple to assemble, Reg. $79.95 PM5073 SALE $12.95 


y, Radiometer...A Space Age Sphere. 
Its fascinating to watch the delicate vanes 
within this 5" precision-made sphere spin . 
faster and faster illustrating the basic prin- 


An Exciting Book For Science Fair Projects. looks like a hving protoplasm as it defies wontbeabletore- e" ciple of solar heating. When light strikes the 
: A brand new, up-to-date edition r thé best | (Ui gravity by crawling up and out of its con- i sist tinkering with s Y! vanes it transfers heat. and the vanes begin 
i ih pean b se tainer Its dehydrated plastic —just add them How does to move. Works from direct Sunlight or ar- 
world Compiled by science instructors L. 2 Packages. $7.00 PM 38,440 I | hie I PM60.082 56.95 
under the auspices of UNESCO in Paris. : 5 : d de Eom ciple ol E piece" 
251 pages, featuring optical projection, "W j > ze 
seem erem tom mag | Fun And Intriguing! You'll Play For Hours | rece Dr, Gake mat A Liquid? ** 
Describes experiments with easy-to-follow , With These Colorful Magnetic Magic Marbles. expand. a cool surface makes it : q j t 


Build a mountain or odd geometric pat- 
tems with these fascinating, high impact 
plastic marbles. Each marble has both a 
| negatiwe and positive pole. A challenge to 
your imagination. Fun tor youngsters, ^ 
adults. too! 20 marbles per package. [ 
PM34,9368 (Package of 20) 5$ 3.95 
PM35,854 Potes of 100) 518.50 


instructions, diagrams. PM9301 $13.95 


Create Your Own Microscope Research Lab With 
This Powerful 300X 25 Pc. Microscope Outfit. 
School grade, all metal body construction (not a toy) 
Open the hidden world to budding scientists to explore the helds 
of health, science and medicine Precision microscope has 
black lacquer-finish all-metal body. One-piece. triple-revolving 
turret achromatic objectives (5M. 10%, 30K), 10% eyepsece, SOX, 


contact. 12 jumping Quarters | 
PM42,099 $4.25 


Make Your 
Own Wild 
‘Tornado. 


; ÜurTomadoTube 
assembly allows 
you to demü- 


; Bath! It Changes As You Play! 
Hours of fun and amusement Jab the 

| GUK surface and it appears to be a sobd 
Grab a handful and farm a ball in your hands 

| and watch the GUK aoze through your 
| p- fingers. Can be reused 
| —_ 3 many bres. Safe, 
& c "Ee © clean cong waler 
it PM38.723 $4.50 


Why Does This Amazing Space Pet Always 


100X and 300% Is dag i th rec ane pimon oar |e A delicious, ready- A strate the wild 
ing. revolving mirror. Fully coated optics for years OF usa | to.eat assortment PL rin vortex phenom- 
smooth. rapid focusing adjustments o! freeze dried | | enonofanatural Spin in A Counter Se ena Ppt is 
plete 25 piece outfit includes: strawberry choco- $ 3 tornado. All you à revolutionary wonder of 
* Canadian balsam, methylene blue late, and vanilla ice s4 need are two 1. ) myshfying properties of 
* Butterfly specimen, fiber and feather | cream that melts m your liter or 18 oz. + gea metrics and physics 
+ One prepared specimen slide. 5 blank | mouth. It is real ice cream plastic soda bot- za When tapped or rocked. it 
slides and glass covers and labels frozen to —40^F. vacuum ~s - ties and ordinary will begin to spin counter 
dried and sealed in à pouch. U.S ‘alent enjoy zimilr Ice tap water. In- clockwise. When spun clockwise. it will reverse direction. A true 


cream on space missions. (Pk. of 2 pouches) PM38.214 $5.25 
a is scientif 


g For Hobbyists, Madelmakers. 


structions and 
explanation of 


-| ples included 


wonder of nature Made of injection molded acrylic polystyrene 
Package of 3 PM38.912 $5, 35 


Ic prin- 
| Miniature Water Pump For Photo Darkrooms, 


Our inexpensive Pkg. of 2 tubes 
- reo can wt pm37,592$3.95 | Science Fairs, Water PE: 
wheels go Toun 
propellers turn. ; Stars That Glow in The Dark Turn Your | ee 
Unlimited i ,,Dereom Ceiling Into The Night Sky. | The This hny pump can pump a id 
Have fun by adding mo- AW nous stars that glow in the | A high flow ideal tor tempera: ers "n $7. VN. s— 
tion to your science fair i 09 dark on ceiling or wall Light | Demonstration ture control and circulation 
projects, demonstra- | | upachilds room with the beauty of glowing stars and have fun | Of Physics of darkroom chernicals, table fountains. model watering, water water 
tions and experiments — f * (J| with astronomy Easy to apply decals glow after exposure to | m | PhySICS. filtration and more Can be used in either direction and i5 sell 
vath this special buy of — 42a mes light. Comes with star chart and instruchions to recreate Ihe N brining: Uperates ors Hashbght batteries inot ind). ruris ui 
20. 1" motors with 14" UU aie aes Pur Big Dipper. Milky Way and the heavens. PM9521 $4.50 PM37 299 to 48 hours betore battery change is required. 4° tube incl 
long shafls and 2 wire -4—— ep DE e : $3.95 
| leads 20, T' motors. PM1304 514.50% " | Digital Thermometer Reads —.— Fi. ZL a Fishing With This Mighty Magnet. 
| eer | nc CORN Is Outside. BUR e e omar © PrN Uns qe. M mast lor a boat f helps 
| Great AM Radio R i Ttus new high-tech fà- "hoi i T 4 , and bridges. A ‘must’ for a boat, it helps 
eception With Select-ATenna. s new high-tech marvel reads tempera- | -hoil from the warmth of your AWA retrieve metal objects that fall overboard. 


i y | ture in your home and outside, too. Can 

] | be wall mounted-—lust extend the 5 ft. wire 
PE Sly artrikare hse ae oil 
dow. Operates on one 9V n 


| Listen To Station WOR N.Y. When In Boston. 


This new antenna will bring in those weak, distant, 
AM radio signals loud and clear. ~ 


— 
i 


i works im this unusual 


Youll now get excellent radio recep- 3 
"Hr po. des nd), Gus ange om -407 To | sraton ol oes s 
Tenna turris your AM radio into a Bi BSA. 005 $28.95 


powerful receiver. Used in Alaska to 
pull in stations from continental 
U.S. Employs mutually inductive 
coupling. Mini-jack and plug 

1044" dia PM72,147 $52.95 


Dept. 11D3, C912 


Featured on this page are only a few of the 
many iiia products that appear in our 


Check enclosed 


x 2 Bat T MasterCard 
Dur Smallest Laser Pointer, Only 4" Long. Li manca Es dd 
Perfect For Lecturers And Educators. 5 Discover 
Zane ==H 112 PAGE 
= & The Applied Laser Systems’ sme Ti Exp Date 


1 Laser Pointer is à revolution in 
pointer design and affordability. Weighs 
pnly 2 ounces with battery, this painter sets 
the standard for the industry Add to this the 
convenience of is use (it clips onto your 


E 


Card Number 


CATALOG 


Send for your 
copy today. 


T m e e e o l l o o a o o‘ u n 


shart pockat like a pen) and you have a product perfect for - zx Signature = à 
lecturers and educators. A boon for slide presentations. Thousands ol exclusive, unique and exciting values. RUSH FREE 112 PAGE postage and handling _ 
business and sales meetings. Battery life is over one hour li Something educational, fascinating and useful for 


with .antiauaus use ‘914 $199 every ho hob yist, gadgeteer, student and educator. 


No Risk Guarantee! |i you are nol completely satisfied with your purchase, return the merchandise 


| Marne 
in its original package and we will cheertully refund your money in full. We back our products! | 
Our 45 day unconditional quarantee means you take no risk on any product you buy from us. | 
Address —— 0 0 0 00 
I 


Edmund Scientific Co. |... 


Dept. 11D3, C912 Edscorp Bldg., Barrington, NJ 08007 L 


hand that increases the vapor | 
| pressure within the chambers 
The warmer your hand. the better 


= 
Edmund Scientific Co. 


Barrington NJ, 08007 
METHOD OF PAYMENT: 


Bank Number (MasterCard oniy) 


FULL COLOR CATALOG 


You'll be amazed at what you pull up. Wt. 


Y)! Poly-Vinyl Chloride coating to resist cor- 
rosion and chipping.  PMT1,135 $32.95 


b o A ee, 


STOCK NO 


demon: 


= 2 E = 


Edscorp Bldg. 


L1 VISA 

L1 Diners Club 
.] Carte Banche 

T Optma E 


Total Price 


in NJ Add Tio Sales Tax 
Add $2 50 fe 


TOTAL ENCLOSED 


. Slate Zip 


Serving Science Hobbyists Since 1942 


Do-It-Yourself Kits 


» _ Factory Direct 
Clocks and Furniture 


Also Assembled 
and Finished 


WGrandfather Clocks, 
Mantel and Wall Clocks 


M Curios, Tables, Chairs, 
Desks, Cradle...and more! 


@Solid 3/4" Black Walnut, 
Cherry, or Oak 


W Heirloom Quality 


Movements and Dials 
E Money Back Guarantee 


| am 

interested in 

CI Do-It-Yourself Kits 
U Finished Clocks 


| O Finished Furniture SEND $1 FOR 


COLOR CATALOG 
Name . — 

Street 

City 

State 


(Please Print) 


CLOCK COMPANY 
World's Largest Manufacturer of anaana Clock Kits 
3822 , Emperor Industrial Park 
Faifhope, Ala ma m Phone 1 -205-928-2316 


BREAK AWAY 


NOW! n 


7| Earn up to $15,000 
=~] a Year in Windshield 
and Plate Glass Repair! 


* Big profits — good times or bad! 
* Huge demand and growing! 
* Part-time or full time. 
* Great opportunity for men or women! 
* Insurance companies, fleet owners 

pay top dollar i end 
* Quick-learn, professional training. 
* Free, on-going support/low-cost start-up. 
Break away to a professional, 
respected business and BIG INCOME! 
Call toll-free today 
1-800-321-2597 (US an BAA Send tor e Video 
Canada) to order your VIDEO paa wow 
and FREE report, Or write: 
a GlasWeld Systems, inc. 
Advanced Technology in Glass Repair 


` 20578 Empire Blvd., Dept. C 
S.M. Bend, OR 97701 


98 © POPULAR SCIENCE MARCH 1991 


E Solid Brass West German 


"Henry Kloss brought Dolby sound, CrO, cassette tape, and 


large-screen projection television into living rooms, and made — | 
the dominant speaker systems of three decades. Now he's atit. | 


again at Cambridge SoundWorks, Lo C. 
selling direct to the public." Magazine 


i. Cambridge SoundWorks we manufacture 
speakers and music systems designed by Hen 
ss (founder of AR, KLH & Advent), and we sell 

us 'om our factory in Newton, Mass. We also 
sell carefully 
brands like Philips Pioneer and Denon. Because 
we sell factory-direct, you can save hundreds of 
dollars on components and systems. We sell 
nothing but hae sa ood stuff.” Our knowledgeable 
audio experts will help you make the right choices, 
without being pushy. And you can call toll-free for 
advice, to order or for “hook-up help” 365 days a 
year. This is the simplest way to get the right deal 
on stereo components...and there's no ris 
* Call toll-free for factory-direct savings. 
* UPS delivers right to your front door. 
* Audio Experts will answer all your 

questions, before and after you buy. 

* 30-day ce ma guarantee. 


stereo, mal the coupon or call 


| | 
1-800-AKA-HIFT 


Py 365 days a year — (1-800-252-4434) 


Name 


City 


| | 
| | 
| | 
| Address | 
b —— C0 c— 
| | 
| | 


SOUNDWORKS 


154 California St., Suite 126MR, Newton MA 02158 
* In Canada call 1-800-525-4434, Fax: 617-332-0229 
Outside U.S. or Canada 617-332-5936 


AR & Advent are trademarks of International Jensen, Inc. AR & 
Advent are not associated with Cambridge SoundWorks. 


selected audio components from | 


Revolutionary "2-in-1" 


|TRIMMER/ | 
MOWER 


| Takes the place of both your hand- held 
Bien bak moe 


The DR™ TRIMMER/MOWER rolls JP Tr 
| "light as a feather "on two BIG By "il 
| WHEELS! TRIMS far easier, better, ^$* — 1| 
more precisely than hand-held B 
trimmers. Plus MOWS everything | 
from whole lawns (even wet!) to tough, 7 
waist-high growth with ease! Rocks, — 
roots, stumps, etc., do it no harm x | 

| because the "DRTM" has no | i 

| steel blades to bend or dull. Perfect i | 


En inea m 


for ALL mowing and trimming 

| around smaller , Vacation 
homes, etc., or for finish-up 
| mowing and trimming 

after riding mowers 


“E m7. 
IC Y^ 


ett p 6-9746 
Piee nail iks coupon today for FREE DETAILS about' 

lhe Revolutionary DR™ TRIMMER / MOWER, I 

Jincluding prices of Manual, Electric Starting and ALL-| 

jy ELECTRIC Models, "Off- Season" Savings now in ef - 
fect, and 30 Day Risk-Free Trial. There is no obligation. 

I Name 

l Address | Š 


Cin. | ZIP i 


JE 


-— 


IP. Inc. a! 


W 


Shown: 6' diam; 
with in-between pe 
spindles, 


^mi ONLY 
5 a BEN pe Hdr 


FOB: Broomall, PA 
| Ford’ diofneter | 
Ed 8 to8 8H") 
Bor Comparat: le savings on d'ér j 
* 5. 55' &5 diameters ond < 
m. f other foor-to-fioor heights 


Our Oak Spiral Stair Kit is superbly crafted from 
choice selected oak and ingeniously designed | 
| for easy assembly. Best of all. it’s priced well | 
below any comparable stair on the market. | 


Write for free color brochure: 
The Iron Shop Dept. OPS31 
P.O. Box 547, 400 Reed Road 
Broomall, PA 17008 
Or Call: 215 4d- 7400 
_ Other Showroom Warehouse Locations In: 
no, CA (714) 598-5766 Sarasota FL(813) 923-1479 
| Houston: TX (713) 789-0648 Chicago. IL (708) 952-9010 
| Stamford, CT (203) 325-8466 
We Welcome MasterCard, Visa, and AMEX 


"THE IRON SHOP 


MANUFACTURERS 


«fe KEMP 5hredder/Chippers 


The gardener's choice for 


m Over 100 years because they're 


SHREDDING/CHIPPING 

POWER FOR EVERY NEED 
With four models to choose from, there's a Kemp just right for 

every gardener's needs. 

e The 4 h.p. Yard Tamer is perfect for the average homeowner/ 
gardener. 

e The 5 h.p. Master Gardener, our most popular model, accom- 
plishes every job quickly and efficiently. 

e The 8 h.p. Rancher Deluxe is ideal for the heavy-duty needs 
of a large garden, woodlot, or orchard. 

* The PTO model Land Boss hitches to a 540 RPM garden tractor. 

* Electric start available on 5 h.p. and 8 h.p. models. 


VALUABLE MULCH & WOODCHIPS IN MINUTES 
Successful gardening is easier as your Kemp quickly turns 

kitchen scraps and yard and garden debris into rich organic mulch 

and compost. You'll have... 

è Nutrient-rich soil. 

* Plants that are hardier, healthier, and more resistant to disease. 

* Mulch that holds valuable moisture in your soil so your plants 
are less susceptible to damage from droughts. 

* Beautiful woodchips that give your home a professionally land- 
scaped look instantly while choking back unwanted weeds. 

Your Kemp chips limbs up to 3" thick! 


KEMP FEATURES MAKE THE DIFFERENCE 

e The sturdy 4-wheel Kemp design gives you more stability and 
easier portability. 

* The roomy 3,400 cubic-inch shredding chamber lets you grind 
more material faster than other models. 

e Kemp's 42 fixed hammers give you even, efficient shredding— 
without the vibration found in models with swinging flails. 

e The exclusive anti-clog gate lets you safely and instantly remove 
any unshreddable object, such as a rock, that might accidentally 
get fed into the hopper. 

èe Kemp's hardened-steel chipping blade is bolted directly to the 
shredding cylinder, providing tremendous extra cutting power 
for perfect wood chips. 


You just can't beat KEMP quality! 


BUILT TO LAST 


Kemp shredders set the standard 
for all other manufacturers. 
Since Nelson Kemp designed 
the first home-garden shredder, 
gardeners have been reaping the 
rewards of owning a KEMP. 


“I am a super satisfied owner of a Kemp Shredder 
which I purchased 27 years ago. Year after year this 
trusty Kemp has contributed tons of shredded 
leaves (etc.) to my organic vegetable garden." 

Bill Krames Yardley, PA 


“I’m so proud of my Kemp and the indescribable 
volume of quality work it will do. | end up with the 
cheapest and best mulch material anyone would 
want." 

Harold Meyer Grandview, MO 


"[ received my (Kemp) ‘Master Gardener’ and 
must say right out that | am impressed . . . it really 
does do what you advertise—easily.” 

Mike Slatkin Belfair, WA 


Send today for your 
FREE information! — 
- acm ou o ER ni E. =: 3 M ! ay 
Ki Quality Products for Over 100 Years 
T Shredder/Chippers 
160 Koser Road, Dept. 44031, Lititz, PA 17543 


C Yes! Send my FREE information on Kemp Shredder /Chippers, 
your easy budget plan, and special 30-day offer! 


BENE. a 

| 

| ADDRESS ; 

| city 2. 
Y 

| STATE ZIP © 


- 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
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LEGENDS REBORN 


DISCOVER 
EXPERIMENT 
LEARN 
ADVANCE 
ELECTRONICS 
LASERS 
CAD-CAM 
HOME STUDY 
HEATHKIT 
HOMEWORKS! 


Now you can learn beginning to 
advanced electronics at home, with the 
same courses used today in the world's 
top colleges and tech schools, and pay 

a lot less! You'll learn just what you 
want, when you want, at your own 
| pace.The complete story is in our free 
| catalog, Homeworks by Heathkit. 
Order yours today, call toll-free: 


1-800-44-HEATH 


TAL AWAY. 


1-800-CALL-EDF 
sma EE 


SAVE YOUR COPIES OF 
POPULAR SCIENCE 


These custom-made titled cases CASE 
and binders are ideal to protect - 
your valuable copies fromdamage. 
They're designed to hold a year's 
issues (may vary with issue sizes), 
constructed with reinforced board 
and covered with durable leather- 
like material in red, title 15 hot- 
stamped in gold, 
cases are V-notched 
for easy access, 
binders have 
special spring 
mechanism to 
hold individual 
rods which easily - 

snap in. BINDER 

Cases: 1—57.95 3—$21.95  6—5$39.95 
Binders: 1—$9.95 3—$27.95 6—$52.95 
POPULAR SCIENCE | 
Jesse Jones Industries, Dept. PS 

499 East Erie Ave., Philadelphia, PA 19134 


CLASSIC MOTOR CARRIAGES, THE WORLDS 

LARGEST MANUFACTURER OF REPLICA ASSEM- 
BUES CAN TURN YOUR FANTASIESINTO REALITY! 
These Legendary Motorcars are NOW Available in 
Easy to Assembie Full Size Kits. For a Complimen- 

| tary Color Brochure CALL 1-800-CLASSIC, or, write 
to Classic Motor Carriages, Dept. PS, 16650 NW 27th d 
Ave., Miarni, FL 33054 016-C-1 


(1-800-444-3284) 


SIZES: 5-12 
WIDTHS: B-EEE 


FINE MENS’ | 
SHOES 


YES! Please sonst me a FREE copy of the 
HomeWorks by Heathkit Catalog. 


Send to: Heath Company, Dept. 016-034 


Looks just like an ordinary shoe, 
except hidden inside is an innermold 
which increases your height almost 


: 
| i L| 
YE [| 
[| | 
| | 
[| | 
[| | 
two inches. Choose from a wide Benton Harbor, Michigan 49022  ! Enclosed ee l for ——— |, Cases; 
selection of ELEVATORS® including | | |! | | leer eR eee ee 
dress shoes, boots, sport shoes and pour - Ul eee ee NNUS 
casuals, Satisfaction guaranteed. — 11 | (Seine Nanas 
Exceptionally comfortable. Call or eee -— 
write today for your FREE color l Address 
catalog so you can look taller in no I > No P.O. Box Numbers Please 
time. *MD. RESID. CALL 301-663-5111" TS TEN 
TOLL FREE 1-800-343-3810 es Ir po — 
i i State Zip - State/Zip_ —  — 
j | Leas — ————À———-À€——€ on anon oll CHARGE ORDERS (Minimum $15); Am Ex, Visa, 
ED 240 


RICHLEE SHOE COMPANY, DEPT. PS13 
P.O. Box 3566, Frederick, MD 21701 
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BEEN —M————— 


MC, DC rig Send card name, #, Exp. 
OLL FREE 7 days, 24 hours 

1-800-972-5858 
SATISFACTION GUARANTEED 


L7 1 P I fj d JI. P jd f | 
Pocket Electronic 


Insult Device 
Conceal in palm of 
hand or hide in 
| pocket ready to 
! deliver its secret, 
high-tech put- 
downs & slams. 


Things You Never 
. Knew Existed.. 


Solar UFO 


et Soars hundreds of 
leet into the sky. No batteries. No 


f Press a button M RA M e à Pocket Lottery | | Out-of-Print 
Dhadi 
: STE TE ORE sun. Nothing to build, Nothing to buy. | Computer Baseball Cards 
of business. Vic- Ready to fly. Just release & watch it Pick lottery numbers 50 major brand cards | 
tim clearly hears rise. Awes & amazes all who watch. any -—- rai nolo being printed. | 
he's a jerk & idiot, -, Use again and again. Made of thin He Cae: Sin en Ony lesirable players. | 
but won't recognize the j plastic film. With &O-ft. nylon cord to je ioi piy sec ome oes r | 
volce. You get away scot- JA which you can add additional cord. 10- E ou sd plica tes aa 
ree! ft. long x 2-f. wide. ance! Who knows 
E g oui find? 


Needs 2 AA” batteries. 
[3 3332 insult Device $17.98 


Electronic Fon Repeller 


Ha j 


7572 Giant Solar UFO 


Autographed 


World Series Ball 
Comes with signatures 
of each player n the li 
Cincinatti Aada. ui 
Ball includes 
a protectiva 
sphere and 
baseball diamond 
display stand which 
bears the official team 
lago & "World Serlas Cham- 
pions” loga. Signatures ra- 


mom bau. 


Bag Grab 


tà ,Be ain 
AY KO Baseball Cards 
100 past & present s 
stars. Guaranteed desirable 
cards, because players had 
outstanding major league 
careers. Contains variety of 
card brands. 

(14298 Superstars . . $10.98 


Siar Trek Shirts 


| Costumes to take you B 

where no man 
has gone before. 
Licensed  cos- 
tumes are rap- 

licas of those 
wom by Kirk 


ican patent & EPA number. Plugs inta wall 


& crew tha 
Outlet or requires 9-volt battery. 4 x2 ya xito produced under license with 
[3 6839 Transonic ............ $44.98 | Major League Baseball i d Min T 
— M — oO 1990 Series Ball $14.96 oa enim | 


| made 
quality specifications. 
1009s polyester. Gold 
Executive Officer & 
blue Sclence Officer 
shirts come in adult 


Lifelike 
Shapeable Hand 


ls it allva... or be It litelike? 
You cani beat the detail- 
Ing of this lifelike 


Secret Whoopee 
Noisemaker 


Easy to hide in your 
hand when making “nat- 


F noises better im- 

shapeable hand. It ura S M M, L, XL. 
j agined than described. [88903 Executive Officer (size?) . $26.98 Change In seconds to 
as molded from a Just squeeze and heads ( I $96.98) “Shiny” bald head. Fits 


real human hand. 
Position in any natural 
way that a real hand 
can, plus a few not so 
natural positions. Use it 


= [198904 Science Officer (size?) . 


“Micro Wireless Mike ¢ 
Picks up the slightest sounds & tran- d 
emits tham through ye ur FM radio || 

CC-a 


will turn. Only 2" high, 
but à giani funmaker. 
[72530 .[;2530 Whoopee Device ....... $3.98 Device 53.88 


peine, Light Bulb 


over haad above eyebrows, 

over forehead, around ears 

& backdown to mack. With 
a bit of make up you can be 
hairless! 


tee ee ee 


when you need to lend receiver with no wires roved h 
P aA hand, or if you FLUORESCENT EFFECTS. | microphone operates up to 100 hours | O 4620 Bald Head.. $3.69 
ust need to send a special mansae. Black Light (invisible ultra | on a single battery. Transmits within 
5 4253 Shapeable Hand... . $9.98 rite ray bulb) Makes | 95-108 MHz FM. Under ideal condi- 


objects, posters, paints, 
E minerals, etc. fluoreasce [n dark 
in brilliant, fire-like colors. Create "turned 
on" and supernatural effects. Many practical 
and scientific uses. 75 watt, 110 volt 


tions it can transmit up to 300 ft. Only 
2'x' & less than 1 oz. With flexible 
antenna, instructions & balte 

[] 6581 Wireless Mike 9.95 


World's Loudest 
Whistle 


Tiny, but extremely powar- 


UEM SE zm DH IN OUS UR NT OR R NS UN NER ND REND ED UR ED ED ANGE UR EN EN E Em 


Han Emits erties high- O 6316 Black Light ..... . $2.98 Scientific 
requancy blast, Registers a " 
] to 140 decibels. (Jet Lennon D Pendulum The Screamer 
airplanes register about 130 emonstrator | Powerful Emergency Alarm 
B 8) High impact, shatter- Style | Click-Clack, Up & | Almost knock'em down with 
it proof plastic. Color varies. | Back. Watch swinging | sound. 5° mighty mite releases 
[33150 Tornado... . $4.98 sunglasses x. balls do amazing | unbelievable sonic shriek. Help 


stunts. Perfect sci- | Sopattackersin their tracks & sum 


Attractive wire-framed mirror lens sunglas- 


look Slimmer with 


ses were mde famous by John fors. m d i vedi que | pocket or purse Use many res 
ry jo wton j 
Body Control Shirt| — soon - 25505) iue wi Lea Gravity. Hold 1, 2 or more balls away, release P2363 Ben 2363 Eoreamer . 


M lini Butterfly Knife 


IY 5 5 )| 


You won't believe it's you! 
Made from a powerful 
stretch knit fabric with re- 
inforced diamond panel 
thatinstantly “tucks” you 
in for a leaner, finmer look, 
Improves posture, toa, 
Wear like undershirt, un- 
detectable under clothes. 


ES 
Vis and watch action & reaction which keeps up 
indetinitaly. Fascnales, intrigues, mystilies 
À & hypnotizes. Five hardened, polished steel 
| balls suspended from steel trame, Scientific 
| a) for all ages. About 64" high 


] 1789 Action Pendulum .. ......$19 


| Brass 
'" handle opens tà 
& \ reveal blade, then! 


Video Rvonotis $19. 95 


Most powerlul self-help programming &ver “jocks blade into 


Wear year ‘round. Ma- | developed. Just relax & watch TV. Incredi- } Fosition. Very handy 
chine wash. U.S. made | ble videos faature 2 kinds of hypnosis & 2 | Changer jf easy-to-open pocket 

i EEN A size: Lore 48). -40); | kinds of subliminais. You'll be hypnotized saad Dusk bak J| utility knife. 1*5" stain- 
aA his by visual effects, Then when your mind is y less steel blade. Safety lock. Twist 


irt . $9.98 tons dispense 


most receptive, subliminal messages are 
ff tlashed on the screen & embedded in the 
soothing music. Your subconscious should 


open keychain. 3.2" tow open 
CP 8956 Keychain . E 98 


>e coins All metal. 
RÀ Heavy duty, top |: 


Energizer Necklace 


lity. Holds nickels, dimes, quarters 

then begin ta generate actions necessa qua ; 

i Users report increased to fulfil your ecires. E min each VH and pennies. Hooks on belt for quick and | Cap Racks [i 

ll energy, teeing of well-being, only. Just $19.95 each. Basy counting. | you collect caps Sk 


D86007 4 Barrel Changer 


prie deer, Emme m ee Ced. 

da tamdiu 1403 Ultra Money Success unch to store, 

E ucc 1401 Incredible Self-Confidence these racks are à 
i and granted a U.S. patent in 1979. Solar cell 1405 Develop Peyehic Ability am Vai Roi lios 


top of cap slips 
easily into special 
clip to neatly dis- & 
play You recelva 

| set of two 18° 
racks designed to 
hald 5 caps each 
Includes hardware 


m 1433 Stop Smoking Forever 


Chinese Balls 
Chinese musical exer- 
cise balls from the 
Ching Dynasty stimu- 
fate pūints on the iin- 
gars lo help regulate the 


delivers a continuous yet unnoticeable supply 
of energy when exposed fo light. Relief is said 
to come trom the body's natural ability to heal 
itself once it has the needed energy. During 
tesis most participants reported dramatic 
promet within ome week! 

_| 8626 Solar Necklace . . $13.98 


ur - 
TE E 
ir i 


AE Ba 


Magnetic Bracelet 
Said to relieve stiffness & fatigue. Accord- 


tral st ; 
Pocket Electronic Cae a ing to Chinese legend, circulation is im- | for mounting. 
Mosquito Repeller : hypertension, Rolf | proved when a magnetic field penetrates Made in U.S.A. 
Superior Swiss designed EM them around in | the human body. We don't know if it | 13673... $10.98 


works, but the Chinese have been study- 
ing magnetic healing for centuries. 
Goldtone bracelet has 6 permanent mag- 
nets bullt in to create a magnetic force. 
One size fits all. 

[1: 3981 Magnet. Bracelet 


ITY mem INVESTIGATOR 


ae C4 gan 


Miniature electronic device 
keeps biting insacts 6 tà B 
feet away. Emits special 
high pitched audio fre- 

poner ERR that qu] 


your hands and 
experience an un- 
usual feeling of relaxation! Set 
of 2 in presentation box. 

[1 1243 Chinese Balls ......... 


Eating Plants 


quid re allent. Millions have bon sold in : 
" " Venus Fly Trap. Eats | 


the L.S. & Europe. Battery included. 


[l 6301 Electronic Bug Shield . $18.98 | ys, other insects. | vae 
E Exotic, beautiful plant jJ =, E 
>, Pocket Electronic | snaps stut on anything. Ea Spy 
J Revenger Keychain | (19°, Pencil. bugs i ‘Sung asses 


Watch amazing natural | 
phenomenon as ‘your | 
full grown plant traps & EA ri 

| eats its live prey. Single bulb T ready io gt now 


B different sounds for ee CES | See behind yourself in compigte 
wreaking revenge. Packs a 
loud punch for a pocket sized 


murrors Tow. 4 LES] 


ractical joke. Noises like: | Plants grow several inches high with 10-15 Laminated |perira © back of you. Filters outi 

nos; Machine Guns: | traps imde flowers.2 or more, $1.50 each i Photo I.D V rays B worms fe porma] 
UFO's: Lazers; Beepers | C] 5011 M Trap Bulb ......... 51.38 = bs ki lasses ved * 

à Telephones. Powerful fun | ^^ emt E Cards 292 Sees .. 57.96) 


complete with keyring: 
F 1269 avenger g8 


Class Clown Kit 


Insert your photo 
“along with your vital statistics and 
seal it shut. You can make your friends 
think that you're a private investigator or 


| Whoopee Cushion. X-Ray a member of the press core. Use the à 
E Vision Specs. Money identification card for your own secret d TU M 
Snatcher. Snapping Gum. society Adds a sense of afficialnass ta 


10 perennial practical 
* jokes from the world famous | 
mail onder fun house, 
^ t Jo hnson Smith Go, Includes 
ihe currant 96-page 


your club. Insert your own picture. Re- 

quires ironing for you to seal the lami- 

nated sleeve. For novelty ech only, 
| 1745 Security . See 


soho, i 
gm 


BAG | 


Gloves 
Sot & supple leather 
Tight fitting. Velcro wrist 


Action Camera 
Gives you four sequen- 
tial action photos on 


100tn second shutter speed. 
|| 4189 Action Tracker Camera. $12.98 


25" Carbide 


: Cannon 

Mammoth Cannone Shoot 
With Terrific Boom! Have bang: 
up time at special avants. Uses 
powdered carbide ammo. Hundreds 
of shots for few cents. All metal 
construction with large, rugged cast 
iron wheels. Machined brass auta- 
matic charger mechanism for easy | 
/ loading & rapid multiple firing. Authen- 
tic turn-af-century military design. Hand- 
some dacor whan not in usa. US Made to 
last a lifetime Adult supervision far'children under 16 
is recommended. Safe substitute for fireworks (Add $10.00 extra shipping for Hawal 
& £5.00 extra for Alaska or Puerto Rica) [] 73898 25-Inch Cannon... ... $74.88 
[17385 Carbide Ammo, $3.98 per tube (about 100 shots per tube); 3 tubes only $9.98 
rT ye Tt ee tg eg gg PII PILILPIIg | | 


may vary. fun does not.) 
[; 705 Bag of Tricks . . $12.98 


Calebrate July 4th & All Evants 


Charge By Phone || 
For Fastest Service: 
24 Hours | 

Use Major Credit Card 


747-2356 


Johnson Smith Com 


Dept B-433, 4514 18th Ct. East 
P.O. Box 25500, Bradenton, FL 34206-5500 


100% SATISFACTION OR YOUR MONEY BACK 


a m RE Om m OX € m" 


Called “Most 
catalog in world." 96 pa 


iain 


‘live without! Novelties, 


jokes, gadgets, surprises, 
, bargains and more! 


100 iex 


plated | 


ri goes off, it 


secrecy. Special lenses p awida | 
ta see whats hap- | 


"Fingerlessi 
d 
A | 


, [11748 Private Investigator . $4.98 Ira i I 1M. Order 
OF | Johnson Smith catalog to | every print! Just Arg tu the achon as i | [14744 Private Investig ated PME = Er ena to fii EE at - ] Check =} Money ^ia 
enjoy yourself or intro- | happens, then see 4 different stages of each | A 1748 Press. SESH Gloves zl 98 ves. $9.98 pair Diners Club — | | Master Card 

TRICKS duce to a friend. (Tricks | shot. Unique quad lens is latest technology. Fas! vet VISA AMEX C] Discover 


, of items you can ‘POSSIBLY | 


| Signature: 


IO 
pany | 


I Address -N 


T a ea A A a ib. 
Super Hearing Device 


Hear whis- 


fore! State 
of-art sound am- 
| plifier, Fits into po- 
cket but delivers 
50+ dB of amplifi- 
' cation from up to 
100 feet away. Au 
dio dampening fea- 
tures prevent taad- 
back common with 
other versions, Mount: 
Ing clip for most binocu- 
ri Toe phones a battery. 
[13095 Super Ea £d , $39.98 


Many athietas swear a taw whiffs of 
pure oxygen gives an instant lift 
anutacturer maintains that this | 
ponki size inhaler oe or 
or joggi Dak = j= 
ing, Non atude Wah. come | 
lortabie plastic face mask, 
51" lank” holds about 40 
baie of pure oxygen 
k / Nat far EM usa. 
[14194 Mask .... $14.98 


y 


amm 
im 

World's Smallest | 

Chess Computer L | 


| Only ZVs x 3 Play chess against a state-ot- 
| the-art miniature electronic CUM: rie 


e Along With 
“Jeopardy!” 
Hand-held 


pla 
d Fuit ex £ th & the 
PTV contestants 


"| Contains sophisticated microch;p that's program- 


mad with all the rules & play opbons. Even plays 
the theme song! Just press the appropriate keys 
| & — Benger adds to your total when 
and subtracts whan you miss. Play M 
Dota Jeopardy! too. With instructions for in- 
dividual & group play, Optional cable bats you | 
connect up to 3 units so first player to respond 
113056 Jeopardy dy! Challenger... $44.00 
| i & r 
wi [73657 3 3-Way Cable £5.98 


Communicator Pin | 
Star Trek - The Next | 


Generation 
2" pin is an exact dupli 
cate of the Next Gen- 
eration communication 
device wom by members 
of the Federation. 
7) 7200 ‘Communicator $14.98 Ba. 


| MYSTERY ELECTRONIC TOP - 


Spina for Days at 2500 
pe With No Apparent 
nergy Source. Perpetual 
moon? Psychic power? 
2 Anti-gravity? Balfling brain 
buster that bugs the 
brightest! Magic, Mystery & 
Scence combined. With 
secret scientific explana- 


a 
a À plastic basa. 


Lj 3861 Mystery Top 


Talking ied 
| Too hilarious to 2 


Watch 
| believe. Sel time and 
alarm, — watch — an- j 
|nounces the new sat- 
ting. Push talk button, 
watch tells you cur 
| rent time When alarm 
“crows” * 


like a rooster and an- i 
| nounces the time 6 times vl 
$0 you can't oversieep. 1 
Sports styling with ad- = " 
justable vinyl band, iñ- 
structions, and batte 
[313368 Talking Wrist V 


pipe SE 


Pocket Spy Telescope 
| Powertul, yet fits pocket like pan. Magnifies 
several times original size. Brings distant ot- 
e closer. Attractive finish 


[| 8724 Spy Scope ...... $3.43 


“MAGNET LIFTS 100 POUNDS 


Lits up to 100 pounds solid steal! ^N 
Even more underwater Go = ~~ "m 
Treasure Hunting. Do amazing : 
shunts. 1001 uses, Newly de- 
veloped ainica, Pocket size. 
| 4005 Lifts 50 lbs. (27) $7.58 
= 4055 Lifts 100 lbs. [4] $11.98 


Johnson Smith Company 
Dept B-433, 4514 18th Ct. E. 
P.O. Box 25500 
Bradenton, FL 34206-5500 


Method of Payment 


xpiratian Date 


RUSH FREE 96 PAGE 
FULL COLOR CATALOG 


Print Name 


"TTTTTTCTPUTTPITITTPPTTIM 


ers as never) RIDES ON AIR! 


Pocket Oxygen Tank | 


| your body-—becoming stronger. 


S| Bulls logo and jersey 
| number of e of modem basketball's | 
| best scorers. 
| is reproduced under exclusive license 


TA gen OR? SE ERA NE 
Air Car 
HOVERCRAFT 


New HOVERCRAFT 
glides hke magic 
over floors, side- 
walks, EVEN WATER! 
Sleek car of the future uses 
principle of air suspension to ride on cushion of 
air above most any surface. Colorful plastic, | 
B^x9' x2" high. 4" propeller. 48^ control line from 
ded button remote contro! unit. Simply press 
switch and this beauty rises and floats in any 
direction you wish. Illustrates frictioniess mo- 
tion principles of full size experimental vehicles 
already in use. Mot a kit. Ready-to-run except 
for 2 * =p batteries [not included.) 
L] 7606 Hover Craft 


Double Sided 
Quarters _ 
Professionally Made 
For Magic & Joke Use 
Genuine quarters made for "amazing" tricks. 
Impossible to detect "gimmicks". Appear tà 
ba right from mint. Often sold far $10 or mora. 
[] 3227 2-Head Quarter 
[| 3228 2-Tall Quarter 


E 


E m Eod HOW OR Eee 


& m mm ieee ee 


1001 Things Free 


Get FREE articles, novelties, books, stamps, 
coins, show Dbckets, games, films, products, 
maps. lays, food-drug samples, science ma- 
terials, records, jewelry, habbses, travel into., 
alc. Mammoth directory of over 1000 free 
otters with names and addresses. 64 pages. 
[11018 "Things Free" Directory . $1.98 


"Silent" 

Dog Wistle 

Train most dogs to do 

any command just by 
changing the adjustable | 
a pitch Select notes so | 

hi hthat people will not hear, but your dog 
will. Has been effective at up ta 1 mila. 
Made of brass & steel with cover & chain. 
E c 3888 Dog Whistle $14.88 


— 


A Restore 
] Vision 

= ENaturally! 
(Aerobic Glasses 
ave helped thousands to read small print 
without glasses, see distant objects clearly 
& reduce eyestrain. Research has shown | 
your eye responds to exercise much like 
Evantu- 
ally you may see better again. Aerobic 
Glasses make it easy to exercise your 
eye's muscles. mer wear 15 minutes & | 
day--while you watch TV, or raad—and | 
watch the world come back Into focus. | 
[18388 Aerobic Glasses 


Tiny Tornado Fan 
Mast effective battery pow- 
ered fan of its size. Moves 
one hundred cubic feet | 


of air per minute. it diio 
cools you when you're 
hot, disperses smoke’ 

when you need it, Com- 

plate with suction cup mount for 
stability. And don't worry about 
your fingars - flexible blades will 
stop with a touch, Requires one 


"D' battery (not ne [. 


(32381 Tiny Tomado . . $16.98 C M 


Tan Without The Sun 
Natural 


Tanning Cream 
Smart way to have a tan with- TP 
out sun rays that may pro- [EA 
cuce skin cancer. No more [me 
burning, no more peeling. | 
Produces, long-lasting matu- | 
ral golden colar in 2 to 3 hours. 
For darker tan, repeat after 1 
hour. For all skin types at an 
time of year. NOT A BRONZ- 
ING GEL! Made from com- 
pletely safe plant extracts, nat 
chemicals. 4 oz. bottle. 
O 2148 Intelligent Tan 


er eee RA 


eee ee scc 


Jordan 
Signature Š 
Cap 


Handsomely dis- 
play tha autograph, 


High-quality embroidering M 

o 
the NBA. Made in the U.S.A. of fine white 
cotton twill with adjustable sizing 


14265 Michael Jordan in Cap 
| | | tt. || 


$13.98 ii 
- nm a m 


B Boon E 


Shipping & 
Handling | 


NO C.O.D. Sorry, we are unable to ship 


Canadian or foreign orders. Use any 
additional paper if needed. 


State Zip. 


<< ooo 


Complete First Year Set of... 


$ Shortest U.S. Dollar 
] Series since 1795! 


,""* The Susan B. Anthony Dollar was issued only 
4^ X 3 years! The only other U.S. Dollar with a 
| shorter life was the 1794-95 Flowing Hair 
| Dollar — America's 1st Dollar! 
| This is your opportunity to get the com- 
weg) | plete First Year All-Mint Set of the his- 
va f toric 1979 Susan B. Anthony Dollar. One- 
Jy Uncirculated coin from each U.S. Mint — 
^^ j^ Philadelphia, San Francisco, Denver. Pur- 
 — chased individually these 3 coins would 


cost $10.50, but this offer saves you money. 
YOURS FOR ONLY $5 per set! 

Ridiculed by the public as the "Carter Quarter" the mini-dollar is fast be- 
coming a prized collectible. Hard to put together now, a First Year Set will 
get even harder. Clip the coupon and send today! You'll also receive our 
fully illustrated catalog (mailed separately), plus other offers on approval. 
OLCC 
/ \ A 


Satisfaction guaranteed. DON'T DELAY! aie 4 sets.) 
Littleton Coin Company 


Serving collectors nationwide since 1945 


Send coupon with $5 per set to: 
| Littleton Coin Company 
| Dept. LSH136, Littleton, NH 03561 


| No. of sets (limit 4) — Total enclosed $ 
| Mr./Mrs./Ms. 


| Address 
| 3 Coin Susan B. Anthony Dollar Set 


| City/State/Zip in attractive display case 


This VET Did It - and YOU 
Can Do It 
Too! 


left me 


“War injuries ed. Bot 


handica 
San Tm a aisée e success 


| Locksmith, thanks to 
your training. Besides, the 
work is fascinating. t | can 
do it anybody can. 
| Glen Johnson, Larned, Kan. 


Make Up to $26.00 an Hour — even while learning! 


Be: a LOCKSMITH! 


Train 
FAST 
at Home! 


If you enjoy fixing things, you're a “natural” 
to make hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
smithing. Rising crime has increased de- 
mand for service a thousandfold, Yet there's 
only one Locksmith for every 17,000 people! 


COLLECT CASH PROFITS ALMOST AT ONCE! 


enable you to get your share of this always- 
profitable business. Hundreds we've trained 
are doing it. So can YOU. 


MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 
ing spare time — or in your own full-time 
business. Ideal for retirement— good jobs, too. 


BAGS all 


A high- performance 
clean up machine 
for small prope | 


BY KEMP 


Only the Yardvark 
gives you an afford- 
able machine that | 
reduces yard work. 


VACUUMS leaves and small | 
debris, cleans in areas you can't 
reach with a rake! 

SHREDS old plants, flowers, 
weeds and hedge clippings with 
ease, turning them into FREE 
MULCH! 

CHIPS branches, limbs and 
brush up to 1-1/2" thick into 
FREE WOOD CHIPS! 
BLOWS driveways, patios, 
walkways, and terraces clean of 
dirt in minutes! 


your shredded, 
chipped and vacuumed yard 


You're “in business” ready to make $10 to $26.00 FOLEY-BELSAW INSTITUTE | wastes instantly! 
an hour a few days after you begin Foley- 

Belsaws shortcut training Easy illustrated les. se aneas City, MO 64120 °° EARLY ORDERS SAVE $110 
pius opia VM ANC DERE: AREPAN! y, punte wi mingion PINE AS Quality Products For Over 100 Years | 
@ ALL TOOLS YOURS TO KEEP saturday. St. Louis, Mo.—"'| cleared $110 last E. | 
e EXER PERSONAT ARS udo | Ed Boyle, Pittsburgh, Pa.—''My business going | BY KEMP | 

E at top speed. V m moving to bigger quarters." à 
e BUSINESS-BUILDING HELP 160 Koser Road, Dept. 44031Y | 
MAIL THIS COUPON e NO SALESMAN WILL CALL | Lititz, PA 17543 | 
TS OALE PRO: ME TAE SEA En REE aa F | [C YES! Send me FREE information right — | 
KEY MACHINE YOURS © kansaseny, mo s4120 away! 

ush FREE book, "Keys to your Future." | 
TO KEEI KEEP! Name _| 

"Can add $50 
^4 to $100 a week Address =| 

to your in- City | 

come... and E City — State. NE" | | 

Y Yu = e 

a i 

| am el Saparan a eee 
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Shoppers' Showcase 


A selection of products and services for POPULAR SCIENCE read- tiser. For advertising rates for this section, write or call Diane Pahl, 
ers available direct by mail. Enjoy the fun and convenience of Direct Response Manager, PoeuLAR Science, 755 W. Big Beaver Rd., 
mail ordering shopping. Please order directly from the adver- Suite 420, Troy, MI 48084; (313) 362-9005; fax # (313) 362-3403. 


KA -egg 0 286-12MHz AT — 
Gd GoldSbar — coypureR with 40MB 
HARD DRIVE and 14" VGA COLOR MONITOR 


- B0286 microprocessor, 


| * 6 preset tones: 
saxophone, trumpet, synth-reed, 


12.5MHz. oboe, clarinet, flute. = iip : 4 
* IBM compatible. * Portamentor effect—provides [d | sciens neuden: : 
- 40MB IDE hard drive. | smooth glide from one tone il | inside i ay 
* One MB RAM on esed: | -] Mir perdi: d 
motherboard, | | Koy transpose button Ea | ina break 
expandable to four MB. || allows you to raise or S | wea 4 
* Ona 5-1/4" 1.22MB lower key in half-step utens E E fen- 
floppy disk drive. *4| increments. T p | oes diii 
» One 3-1/2" 1.44MB 5 | * Octave button-press mu j 4 pany ik a ie sae 
: : : d n | -wi : = em - 
ved eru iiem Acque 4l. rni sd sehen P command, outside siren, 1 f yard sign. 2 window stickers, 
eq predic ATEEN 3l | . Built-in speaker for t- ] complete hardware and batteries. | 
* Two expansion slots. | dynamic sound. £—3 E REN SOCIUM Ae era saa eae 
lenis eer aes oes Di during entry. * Wireless for easy installation. 
v Headphone Gapabla. —- * Difficult to defeat because of new, advanced technology. 


* 80287 math coprocessor socket. « One serial port. 

- One paraliel part...» One mouse port. 

* 101 AT style keyboard. * MS-DOS 4.01 with DOS 
Shell and GW BASIC'", « Monitor dim.: 13.9"W x 
14.7"D x 14.1"H. * Model #: GT212 44 1AV/3051. 

* 1 Year Mfr. Warranty! - Factory New! 


BUNDLED 


m 
HT ooi nm 


* Lamp command flashes lamp upon intrusion. 

| * Signal relay—Trelays entry sensor intrusion signal 
from a remote area of your home to controller. 

| * Tamper resistant. 

| * 85 decibel alarm on inside siren. 

| * Piercing 120 decibel outside siren. 

| * Fail-safe battery 


* Uses 5 "AA" batteries 
(included). * Color: Black. 

* Dim.: 20"H x 4Wxe'D.. 

| * Model #: DH-200. 

* One Year Warranty 
through Mfr. - Factory New! 


| SPINNAKER | | Mir. Sugg. i 4 Qo 99 Mtr. Sugg. iy $189.50 eese un Mtr. Sugg. me SO 
SOFTWARE DAMARK « ! DAMARK 3 A | : DAMARK 
Installed & ready to | PRICE 1 1 99 PRICE 392% * Two Year Mfr. PRICE 1 99 99 
Item No. 8-2563- 161715 Warranty! Item No. B-2563-163661 


run on hard drive: | item No. B-2563-161176 


Insured Ship/Hand.: $49.00 Insured Ship/Hand.: $6.50 - Factory New! 


"Annual * SUPERSLIM 286 LAPTOP 
| iol Bondwell | WITH 20MB HARD DRIVE 


Insured Ship/Hand $19.00 


AUTO REVERSE 
CASSETTE AM/FM 


CORDLESS 


* 80286 micro- — CAR STEREO WITH X-TAL LOCK” TUNING 

TELEPHONE ne operating at | 
* 46/49 MHz frequencies Ure eno eee 

for superb sound. : EE cess 
- 256 digital security -1MB RAM 

codes prevent expandable to 2MB. 

unauthorized calls. » 20MB Conner hard 
* 3-number one-touch disk drive : 
. «isset iiec paging (25 millisecond) - 2 3 | E 

: 1" high. SONY came to us with a deal we couldn't refuse. These 


* Automatic redial. 
* Rubberized high-gain 
helical antenna. 
| * Flash button for 


* 1.44MB 3.5" floppy 
disk drive. 
* 10.5" supertwist 


| dealer/customer returns were put back into new condi- 
| tion by SONY technicians. As a result, you save over 
| 50% off the suggested retail price! 


receiving call waiting | nonglare LER screen. * Super-fast 1:1 interleave factor. | * Auto reverse cassette deck. * X-tal Lock™ PLL quartz 
& new dial tones without i Lightweight: Only 8.5 ibs. « Removeable rechargeable frequency synthesis AM/FM stereo tuner. Locks onto 
M returning te handset. Ni-Cad battery pack. * Zero wait state. * Folds up for travel. | the exact frequency of station without drifting. 

"usan alone handeat | * 81 keys, full stroke keyboard. * Real-time calendar/ciock | * Seek and manual tuning. * 18 memory presets; 

| * Battery save mode. with battery backup. + Built-in rechargeable battery. 12 FM/6 AM. + 6W «6W maximum power output. 

| - HiLow/Off ringer control. |*2 RS232 serial port. = Centronics parrallel port. * Fader control for four speakers. 

* Pulse/tone switchable. + Desk/wall- mountable bake unit. |. OBEYED pat. «included satiware- MS-DOS TI; | * Multi-function negative LCD readout with Quartz clock. 

|. Base dim.: 8" x 6" GW-BASIC™ 3.22, : Uses 5 "AA" batteries | + Full night illumination. 

| x1-1/2". + Handset Mir. Sugg: Retaitif New: $169.95 | SORT : pra fem Mir. Sugg. Retai: $3,695.00 | * Dim.:7-1 /8"W x Mir. Sugg. Retail fnew. $209.95 

| dim.: 8" x 2-1/4" DAMARK $ 68 99 {ihciepuc — — DAMARK$ 999 99| 2-1/3'Hx5'D. DAMARK $ 9929 99 

| * Model #: SPP-50. PRICE : One Year Warran b | PRICE Justus | * Model s: ES-R11. 

| * Factory serviced. Item No. B-2563-165005 | through Mfr. « Factory New! Item No. B-2553-164785 * Factory serviced. is em d B-2563-160026 

| *1 Yr. Mfr. Warranty! Insured Ship/Hand.: $7.00 g - Insured Ship/Hand.: $20.00 * 1 Yr. Mfr. Ltd. Warranty! — insured Ship/Hand.: $7.00 


a N O ON ON ON A O DON OON N N O O O O O O E E E E A LLLI LIT 
! FOR FASTEST SERVICE CALL TOLL FREE ~ | 


1-800-729-9000 


Customer Service: 1-512-531-0082 Ir] — 


ii deme. ee vg E] SHE Lin Jm m-— |O 
(or c Em eae 

CITY ee Rune ms ST = ZIP DELIVERY TO 48 US. CONTINENTAL STATES ONLY 

ma MasterCard 

ado, | Pec. e Lede CS 3 do su toe an raa i ss l ž in MN add 695 Sales Tax 
DARD- NO: ui = | EX DATE : | _|Check/Money Order rore 
SIGNATURE = $A Copyright 1990 DAMARK International, Inc. GRAND TOTAL 
Send To: DAMARK International, Inc., 7101 Winnetka Ave. N., Mpls., MN 55428-1619 All rights reserved. B-2563 
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P "HOW-TO" 
p Books! 


Discover hundreds of manu- 
i als, industrial handbooks, paperbacks, 
" reprints, and privately published papers on 
unusual technical subjects ranging from melting 
metal to building windmills, and from electroplating 

to blacksmithing. 


You'll see instantly why this is the most remarkable | 


- Melt Metal! 


Learn how you can turn an old pail and blower 
into a powerful furnace that can melt aluminum 
cans and scrap, pot metal, and brass. We built 
one for about $10! Uses grocery store charcoal! 
Pour custom 
castings! 
Build a fur- 
nace to melt 
cast iron! Dis- 
cover books on 
sand casting, 
patternmaking, 
cupola operation, 


mailorder bookstore ever! You don't know what you've 
been missing! We probably have just the technical how-to 
information you've been seeking for years! 


Wide Variety! 


Electroplate! Melt cast iron! 
Learn calculus! Pour babbit 
bearings! Grind telescope 
mirrors! Make vacuum 

pumps! Grow crystals! Dis- 

cover books on hydraulics, 
steam engine design, wind 
power, magnets, restora- 
tion of lathes and milling 
machines and much more! 


Highest 
Quality! 


Since | cannot possibly offer every book 
published, | offer only the best. You get high quality books, 
fair prices, fast service, and honest dealing. You can order 


with confidence. 

" . catalog. Send $1.00 
Build a Lathe! (US & Canada — $4.00 
Build a precision lathe for less than $50 without power foreign airmail). You'll 
tools or other precision instruments! It's true! Build a pre- see in a minute why 
cision shaper, milling machina, drill press, rotary tableand everyone is talking 
indexing head, a sheet metal brake, and more! Learn how about this incredible 
to make a surface plate from scratch and use it to rebuild source of hundreds of 
used machine tools. Basico a one lung engine! Design unusual hard-to-find 

: steam engines and books! Write today! 
boilers! Build a welder! 
“| Make your own drill 

bits, taps, dies, ream- 
mers, end mills and 
much more. 


casting of decora- 
L, tive items, and 
£^» more! Make char- 
coal and coke! Cast 
* brass, aluminum, 
P. ü into machine parts, 
| art objects & more! 


Much moral 
See technical school textbooks on machine tool operation, 
diesel repair, and refrigeration. Learn how the ancients refined 
all types of metal from iron to gold! Learn secrets of old chemical 
| processes! Work iron with a forge and anvil! Build a wood lathe! 
A band saw! A circular saw blade sharpener! A wood stove! 
Make iquid air, moon- 
shine! And much, much 
more! 


Write fora | 
CATALOG! | 


Write for your copy of 
the lastest jam-packed 


edition of Lindsay's 
giant Technical Books 


Send a catalog! I've enclosed $1.00 U.S. & 
Canada. ($4.00 foreign airmail) 


City Sata Zip 
ee 12 DM UID E E 


MAKE 


Swiss International 
GOLD AND PRECIOUS METALS MERCHANTS* 


MONE Y 


Control Water Weeds 


Amazing new Underwater Harvesting Tool! 
the WATER-WEEDER " — 


"Works just like 
| RR tenter ae 


WE WILL SEND YOU PAYMENT IN U.S. FUNDS. 
ALL TRANSACTIONS STRICTLY CONFIDENTIAL 
Purchaser becomes owner of goods received. 
All metals to be melted down and considered 
scrap. Record of transaction to be enclosed. 
Print in block letters & include in your parcel, your 
name and full mailing address. 
Send to: Fax: (416) 727-7579 
(In U.S.A.) (In Canada) 
S.I.G. & P.M.M Ltd. S.1.G. & P.M.M Ltd. 
Dept. A 
301 Sheppard Ave. W. 
Willowdale, Ontario 
M2N 1N4 Canada 
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Cut uat vegetation from a boat from a dock 
2 simply by wading in from shore. Control weed 
vati the environmentally safe way. 


Satisfaction Guaranteed or money back! 
Call or write today for FREE information package. 
TOLL FREE 1-800-552-1217 

TM 


Waterside Products Corp. 
P.O. Box 876, Lake Mahopac, New York 10541 


ji LINDSAY PUBLICATIONS, 


Box 583-ESJ,Manteno IL 60950 | 


FREE CATALOG! 
1-800-648-7938 


JERROLD HAMLIN OAK ETC 


CABLE TV 


‘DESCRAMBLERS 


« Special Dealer Prices! 

« Compare our Low Retail Prices! 
* Guaranteed Prices & Warranties! 
* Orders Shipped Immediately! 


REPUBLIC CABLE PRODUCTS. INC. 
4080 Paradise Rd. 415, Dept 516 p^ 

i Las Vegas, NV 89109 

For all other information (702) 362-9026 


| for making Omamental 
| Concrete Items 


Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from the world's 
largest mold manufacturer. 


with Badge A Minit 

Yes, it's really possible by making and 

selling bright colorful Badge-A-Minit 

buttons. Buttons are 

proven money-makers al fairs, 

flaa markets, conventions, or 

anywhere people congregate 

They're fast and easy to make 

with Badge-a-Minit and 

inexpensive! 

send for a FREE Full color ^ 

catalog or send for a ET 

Starter Kit, only $29.95 — 8 

plus $1.75 shipping (II = 

residents add $1.87 tax) = 
BADGE-A-Minit, Dept P539: 348, North 30th Ad., Box 800, 
LaSalle, IL 61301, Phone 800-223-4103 


WOOD HEAT 


er WOOD FURNACES 
iie: HEAT YOUR ENTIRE HOME 


Call 1-218-326-6786 or Write 


Charmaster? 


2307 GC HWY 2 W. 
GRAND RAPIDS, MN 55744 


TELESCOPES? WHY PAY MORE FOR LESS? 
8" Astronomical Telescope Complete. 
Ready-to-use. Only $275.00 Send for free 
34 page packet 

COULTER OPTICAL, INC. P.O. Box K, Dept. 
P.S. Idyliwild, CA 92349 


Satisfaction Guaranteed Phone/714-659-4621 


= ROLEX 


President “Look-Alike”’ 

An Exact Replica! Gold-tone, Day, Date, 
Hidden Clasp, State-of-the-Art Quartz 

' Movement. Easily confused with the real 
18K Gold Rolex. Ladies’ or men's. Only 
$3995 (add $6.00 post/hndlg/insur. 
In GCA, add $2.60 tax) COD-OK. 
Call 1-800-648-4600 or send check to: 
AVADIO, 9016 Wilshire Blvd., Suite 828-Z, 
Beverly Hills, CA 90211 


PRINTER SHARING? 
NETWORKING? 


NEW product covers ALL the connection jobs with 

one Easy plug in LAN adapter board. Start with 

CLERK Printer Sharing/File Transfer software, with 

upgrade path to Full Featured LAN. 

Install One Adapter per computer, uses common 

phone extension wire connections up to MER ft. 

e Laser Printer sharing with spooling irma, 

e Global view of all office disks 

e Fast file transfer, 2,500,000 — 
Bits/Sec ual. 

e Simple Point & — 4 9 
Shoot Operation 
screens 

e Software installs 
in less than 5 mins 

« Users can connect 
from 2 to 20 computers 


e Technical Support included =~” 
Adapter boards and CLERK software .... $179 
Additional Adapter & CLERK software... . $149 
CBIS advance LAN operating system .... $190 


GALL PC OFFICE (619) 273-1442 


CHECK IT OUT! 


There are more opportunities, 
oroducts and services offered in 
the "Classified Opportunity Mart," 
mmediately following this section. 
You may find just what you've 
een looking for. 


La wes 
Manu: cturer — 
Of Pc atle 

Saw. ills 


Four Models To Choose From 
BUY DIRECT 


1(800)553- 0219 


In indiana call: (317) 271-1542 
44-page catalog or use 
your MasterCard or VISA 

|». 'oorder our 50-minute 
demonstration video-$10.00 H= 
Wood-Mizer Products, Inc. e Dept. E55 

8180 W. 10th St., Indianapolis, IN 46214-2430 


THE HEALTH HAZARD 
IN YOUR HOME 
THATHASA — 
SIMPLE SOLUTION. 


. Call 1-800-SOS-RADON to 
get your Radon test information. 


BUILD AN IBM 
COMPATIBLE COMPUTER 
(And Save a Fortune) 


Have fun building 
your own 286 or 

386 computer while 
you save hundreds 
even thousands of $$$! 
This instruction book 
comes complete 

with illustrations and 

a list of sources to buy 
from. Learn how to 
buy directly from 
wholesalers and from 
manufacturers. 
Increase your 
computer IQ. Send 


$19.95 +$2.00 
s/h to: Harman 
Publications 
P.O. BOX 3784 
Van Nuys Ca 


91407. 


Allow 3-4 weeks 


_30 DAY MONEY BACK GUARANTEE | 


* d + «PRESENTING © A x 


CABLE TV 
DESCRAMBLERS 


+ 0 04 STARRING — d d A d 
JERROLD, HAMLIN, OAK 


AND OTHER FAMOUS MANUFACTURERS 


* FINEST WARRANTY PROGRAM AVAILABLE 

* LOWEST RETAIL WHOLESALE PRICES IN U.S. 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HRS. 
* ALL MAJOR CREDIT CARDS ACCEPTED 


| FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-709-9937 / 


PACIFIC CABLE CO.. INC. 
7325'5 Reseda Blvd.. Dept. 1453 
Reseda. CA 91335 


MITH 


NOW YOU CAN FIX | 
OR MAKE IT p” 
YOURSELF! 


own A MACI HINES i0P 


BUY DIRECT! y, NE AS G 


BR hs u^ - 
OR THE DALLES OR 97088 


VIDEO DEMO FAX 503-258-1 


SINGERS I OCALS: 2 
H | 
Unlimited Backgrounds" 

From Standard Records & CD's with the 
Thompson Vocal Eliminator™ Call for Free = 
Catalog & Demo Record. 

Phone: (404)482-4189 Ext 60 J 

Singer's Supply, Dept PS-1 — di 

7986 Hightower Trail 
a, GA 30058 
mo/Info Request | 


tine (404)482. -2485 Ext 


DESCRAMBLER LIQUIDATION! 


FREE CATALOG! 


Hamlin Combos $44, Oak M35B $60 (min. 5), etc. | 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 


NOW! Get in on the PROFITS in 


Work part time, full time — 
right at home — we help 
you every step of the way. 
ped doubt about it... as a small engine 
bro, you can cash in on the huge de- 
for qualified men in one of Amer- à; 
ca’ s fastest growing industries. You'll &.." 
be able to command top hourly rates of from “E. 
og M to $30.00 per hour — and that's just W 
or labor. 


Plenty of business waiting for qualified men. 
65,000,000 Small Engines Are In Use Today! 

That's the official count from the Engine Service Assn., and 
one-million new engines are being built each month. With 
Foley-Belsaw training, you can soon have the skill and 
knowledge to make top money servicing these engines. 


| cmm Tools and Equipment PLUS 4 hp Engine . . 
All YOURS TO KEEP . . .. All at No Extra Cost. 


NO EXPERIENCE NECESSARY! 
You don't need to be a ‘born mechanic’ or have any prior 
experience. Lessons are fully illustrated... so clear you 
can't go wrong, and with our famous "learn- -by-doing' 
method you get practical 'hands-on' experience. - 


[ Foley-Belsaw Institute, 6301 Equitable Rd. “pres | 
| Dept.51946, K.C., MO 64 em 
| i YES, please sand me the FREE iui that gives full de- 


Tails about starting my own business in Small Engine mM 


| understand there is No Obligation and that No Salesman will Mr rem 
call on me | 
| NAME | 
- ADDRESS — DLL —— Bo E | 
l I 
| 


f 


ri FL LITT i 
ria P MU d 


The Engine Wear E 
Protector. | 
| | ME 


L & C DISTRIBUTORS, INC. 
Since 1966 


"Brings you the right products at 
the right Prices." 


MONEY BACK GUARANTEE 
Please send me — Quart(s) SLICK 50 
I am enclosing $ ($27.95 per) 
Plus $4 S&H, 2 or more No S&H 
Md. res. add 5X sales tax. 
Charge my: Visa — M/C 
Card Exp. 
Name: 
Address: 
City: 
State: Zip: 
Signature: 
Phone: (301) 929-0415 
Mail to: L & C DISTRIBUTORS, INC. 
10562-A Metropolitan Ave. 
Kensington, Md. 20895 
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IF YOU'RE NOT 
RECYCLING 
YOU'RE THROWING 
IT ALL AWAY. 


1-800-CALL-EDF 
cmt 8 


CABLE TV EQUIPMENT 


LOWEST PRICES 
HIGHEST QUALITY 
JERROLD - OAK - SCIENTIFIC ATLANTA 


HAMLIN - ZENITH - PIONEER 
MANY MORE CALL TODAY! 


Y Only quality products sold V Easy to use 
VSatisfaction guaranteed Y Knowledgeable sales staff 
Y Orders shipped within 24 hours 


CALL OUR 
LOW 
LOW 

PRICE 
HOTLINE TODAY 
1-800-228-7404 
MAKE THE CONNECTION TO 


NU-TEK ELECTRONICS | 
5114 Balcones Wood Dr.#307 Dept.298 
Austin, TX 78759 


FREE 
CATALOG 


FREE 


1500 sq.ft. home plans & fully engineered 
connecting hardware—$3250. Complete pre- 
cut kits and a variety of floorplans available. 
Attractive, easy-to-assemble, energy-efficient. 
New 40-page color catalog & more—$12. 


TIMBERLINE GEODESICS 


2015 Blake St., Berkeley, CA 94704 1-800-DOMEHOME 


CATALOG 


[ motor friction. Proven by 


1 Unit 5+ 
Jerrold SB w/Tri-Bi.......$99 ..... 


-Beal Anyone's: 
BEN Prie 


Apes Atlanta............$109.. 
8536. 


hii bib th chi RR 


Stargate converter ........ $89...... 
Panasonic TZPC146...... $99. “$0. 


30 Days Money Back Guarantee 
Free 16 page Catalog 
Visa, M/C, COD or send money order to: 


US Cable TV Inc. Dept.KPS3 


4100 N.Powerline Rd., Bldg F-4 
Pompano Beach, FL 33073 


1-800-445-9285 
For Our Record 


f I, the undersigned, do hereby declare under penalty of per- 
ya ' that all ucts 


now and in the vocanc will 


purchased, 
be on Cable TV with r authori 
fron local officials or cable incipe officials in a i 


with all applicable federal and state 


VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL 


EON. AND CIVIL PENALTIES FOR UNAUTHORIZED 


Date: 


ilb) 


SOUD FL LUBRICAT 
Tir a 


(22 


‘a ja 
WeibuciIm saut «cioe waita © 
em 


tomas P ORSIP ORT 
5 On Cc up TOR 
S capuc 


ENGINE 
ULE with FluroCote 


FluroCote Friction Reducing 
L7 ie Treatment can give 
your engine maximum 
protection. . . do away with 
power stealing engine friction. 


TUE. COLIT 
Wappen Delay costly overhauls. 


FluroCote is a metal treatment r3 
not an oil additive. Lasts oil P 
change to oil change for . 

50,000 miles. Guaranteed to .®< ory si AX 
reduce or prevent intemal A A EN. 


leading race drivers. Used in ^ 3 
the space vehicles that took oe 
American astronauts to the moon. - 


Produced by using PTFE, the 
most slippery lubricant known. $1 9.95 + $2 s/h. 
8 oz. treats average engine 


ORDER TODAY 
CALL TOLL FREE 1-800-999-1995 


MONEY BACK GUARANTEE IF NOT SATISFIED 
B oz. bottles FluroCote. 


Please send me | 

lam enclosing $  — ($19.95 + S2 S/H) 

Calif. res. add 6.5% sales tax. 

Charge my Visa — MC Discover — AmerEx. - 
Card# — — = Exp. Date 

Name 

Address 

oo RENE 

Stato — Zip Sulis ij 


Mail to: TEI, Inc. Dept. PS3 


L 202 W. Hillcrest Ave., San Bernardino, CA 92408 | 
= mum [:- | k= L— "Jj Ec] =, TE - 


US Cable will 


ji 


ee - 


Save MONEY 


. With your own 
MAGNATRAC & 


2b p zt 
Crawler! af 
Lj 2 ' 


| Do It All 
=~ | YOURSELF! 


Factory EL | 
Assembled! EE [ON 
E : | ® Build a Road 
Fi ® Dig Ponds & 
i Basements 


e Cut Trenches 

e Clear Brush 
^  @Landscape 
| e Garden 


BE YOUR OWN BOSS! 
With over 30 attachments available (Dozers, 
Loaders, Backhoes etc.) you and your Magna- 


trac can tackle any "compact-size" construc- 
tion or landscaping job. Earn EXTRA CASH 
by getting into places the “big-rigs’’ can't and 
then name eden € bales 

f ies [ 8 8 3M eee 


Send i WOW for details: 


i O CATALOG of uses & attachments ... $1.00 
O TECHNICAL MANUAL of assembly 
and construction details ....... 

j O VIDEO (30 minutes of action) ....... 


STRUCK-KIT e BOX 307 e DEPT: PS31 
bw CEDARBURG, WISCONSIN 53012 
| — 8 8 3B ee 3B ]I]Ó 


.$7.00 | 
$18.00 


um J 


[ SUBSCRIPTION SERVICE | 


| O New 
[ ] Change of adaress 
| [11 YR. $13.94 


|a 1 YR. (Canada and Foreign) $17.94 
O Billmelater 


O Payment enclosed 


LJ Please remove my name from your list. 
Mail to: POPULAR SCIENCE 
PO. Box 2571 
Boulder, CO 80302 


L 


| A - 

: 2699 — 1 

: 9588 : 

|: a 

: Bge ; 

iH o 0g 
BEEHUE : 

: HAE te, E 

n DENM 

io HP | 

i Heo 

O OR o] 

|: HHE : 2 

: a s5 Fa : y " 
™ i $85 

| Occasionally we make our mailing list available fo reputable 
| purum 
| 


Renewal | 


O 2 YRS. $24.97 | 


ZIP CODE 


Lem 


Classified Opportunity Mart 


teach 4.4 million readers every month with an ad ir. Popular Science's 
Jassified Opportunity Mart. May '91 Issue Deadline (on s-'e 
\pril 16) is February 22. Rates: $11.25 per word. Min. ad 10 words. 
Jarker type (Bold) words $1.00 per word extra. Display Classified: 
$625 per inch. Payment with order, or charge your Visa, MC, Amer. 


ABLE TV 


DESCRAMBLERS 


ERROLD $105.00 
TRIMODE $119.00 


IAMLIN $102.00 
»CIENTIFIC- 
ATLANTA $140.00 
JAK M33B $99.00 
'ENITH $185.00 


MANY MORE... CALL OR WRITE FOR 
“REE FAST INFORMATION, 

YOUR BEST BUY'S & WARRANTIES 
"OR CABLE CONVERTERS AND 
JESCRAMBLERS START WITH A 
"REE CATALOG FROM: 


M.D. ELECTRONICS INC. 
875 SOUTH 72ND STREET S. 
OMAHA, NE 68114 


COPY GUARD $59.95 
STARGATE.... $99.00 


IORDERS AND CATALOGS CALL 


TOLL FREE 


l-800-624-1150 


| cop [x 
FOR INFORMATION PLEASE CALL 


(402)554-0417 


* ORDERING CAR E TV EQUIPMENT FRG ML D: ELECTRONICS THE PUR 
ER AOREES TO COMPLY WITH ALL STATE AND FEDERAL LAWS 
CAROINO PRAATE OWNERSHIP OF CABLE TV EQUIPMENT, F YOU ARE 
MSURE OF THESE LAWS CHECK WITH YOUR LOLAL OFFICIAL S 


F k] 
Vasaram 
i = E 


q ^ 

TOP JAMMIMG ME. 

If you rent vidco tapes they're 

jamming you too. 

'hen playing back rented movies you will notice 

Inoying flashes, streaks, jitters ect. This is caused 

r copy protection jamming embedded in the vidco 

he Video-2010 will spot and completely climinate 

jacrovision and all current copy protection and 
uning giving you a crystal clear picture. 
aranteed eliminates all copy protection 
^ompletely automatic no adjustments. 

Jigital state of the art. 

Vorks on all TV's, VCR's, Beta, Cable. 


E] Order toll free MN 


1-800- iea 1150 


Call or write for your free talog 
402-554-0383 
Everquest Corp. 875 So.72nd 
Omaha, Ne. 68114 


i M vini VE 4 


xU 


- ARCHERY pt 
minnen 


i ur 
E Fiera guass Hock, Sena A. M inni fedt 
Spe mici | sites, ‘ploy, iaiia pelt M" p o9 


D Hunting Broadhead $564 
7-day Salis. GIE NO COD ORDER NOW! WE'LL SHIP TODAY! 
BLACKHAWK CALL 800-228-2323 or 801-975-0222 
ROSSBOWS,INC.B0X27222-P Salt Lake City, UT 84127 


e ud TU Readi 
igital Display e C A 

e 24 Hr. High/Low Memory 

* M Low Te 15 95 


im 50 Shipping 
: In N.Y.S. Add Sales Tax 
B&B Products 
„D. Box 1141, Amherst, NY 14226 


AUTOMOBILES . 


CARBURETOR ENHANCER. Can 
double mileage, retains full power. Free 
Details, CARB-TECH. 1-800-667-1192. 
1-(604)-489-5187. 


DRUG SEIZED Mercedes, Fords, Por- 
ches, Vans, Trucks, houses: Write: Seizures: 
Box 4309-YA, West Covina, CA 91791. 


BUILD A BIKECAR 
The Amazing Mini Car You Can 
Build with Bicycle Parts! 

Electric Motor — di 

and Pedal 

Powered! 

| Fun to Drive! 


Easy to Build! 


Fully Hiustrated & Detailed BIKECAR CORP. 


P.OBox 7077-S 
, NY 13760 


GOVERNMENT SEIZED Vehicles from 
$100. Fords. Mercedes. Corvettes. Chevys. 
Surplus. Buyers Guide (1) 805-687-6000 


| Ext. 5-20025. 


SLICK 50 at a discount. Dealers wanted. 
1-800-747-9713. Independent Distributor. 


NO GAS! 
NO POLLUTION! 


Jd ADJUSTABLE SAIL SIZE 

i SEATS TWO PEOPLE 

JMPLETE DETAILED PLANS | 
EASY TO FOLLOW STEP. 
BY STEP INSTRUCTION 

f PLANS. $15 AMERICAN SAND YACHT | 
7184 HWY 101 YACHATS. OR 97498 


~ LANDSAILER. 
PLANS 
ALL PARTS AVAILABLE 


WITH ICE RUNNERS FORE 


UE 
WINTER ICE SAILING i oe 
RUGGED DESIGN gf 
EASY TO SAIL 

EVEN FOR BEGINNERS 


SAVE UP TO 20% ON GASOLINE. 
Send $3.00 and Sase for plans to: Gas Tech, 
Box 821223, Dallas, TX 75382- 1223. 


$225 DAILY “CHROME PLATING” 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285, Dept. S, Waldorf, Mary- 
land 20604. 


OFFICIAL NEW/USED CAR PRICES. 


All makes and models excluding exotics, 
1980 - 1991. Current national price index 


| finally available to public. Be in control. 


Send $7.95+ 2.00 p/h today. ABPG, 215N 


Main, Dept.A, Omak WA 98841-3607. 


FUEL! Make your own! Complete instruc- 
tions! $12.95. Think Ink, Box 4337, Dear- 
born, MI 48126. 


EXPOSED! Former salesman tells amaz- 
ing secrets of car selling strategy and sales 
techniques! “SMART CAR BUYERS 
SENSE" - best book on the market! Save 
dollars. ORDER TODAY - $18.00. G-Ent, 
Box 75, Dyersville, LA 52040-0075. 


SAVE MONEY! GET THE HOW-TO 
BOOKS YOU WANT, Without Joining Any 
Club! Example Titles; ane Fuel Conver- 
sions, Performance With Economy, and 
More Selections Just $12.95 Each. SATIS- 
FACTION GUARANTEED! Get Gatalog 
and $2.00 OFF COUPON Send $1.00 
To: IES PUBLISHING, P. O. Box 116, MT. 
CLEMENS, MI 48043. 


PRACTICAL FUEL SAVING for Car- 
buretors and Fuel Injection. Free Details, 
Eagle Research Inc., 1-800-663-4758, 1-604- 
426-7229. 


STALLING/ “CHECK ENGINE" Light? 


| Any Cars Computer Tells Why/Custom 


Guidebook Decodes? Explains, $10.00: 


TECH-STOP™, Box 600, 128 Gleneida, Car- | 


mel, NY 10512, 914-225-3731. 


SAVE BIG MONEY on Auto Repair. Cer- 
tified Mechanic Reveals Trade Secrets. 
$5.00. Martin Roberts Company, 19170 
Seneca Rd., Apple Valley, CA 92307. 


SAVE MONEY ON GAS, AND GAS 
SAVERS: Carburetor Enhancer, Condensa- 
tor Vapor Carburetor, Vitalizer, Atornizer, 
Magnetizer. Many Others. Find Out Which 
Ones Are Safe, Sim le, And Most Effective. 
How to Buy "Who! esale. Send $3.00 To: 
Keeton Research Company, Box 740665, 
Orange City, FL 32774. 


FANTASTIC GAS MILEAGE! - It’s 
Easy! - Free Details - Kustom Karbs, 720-K 
Jordan, Rockford, Il 61108 


is IT TRUE .. JEEPS FOR $44 
THROUGH THE U.S. GOV'T? FOR FACTS 
. 504-649-5745 EXT. 5-8068 


GUARANTEED MILEAGE | IN- 
CREASE: Comprehensive Guide - Devices, 
Lubricants, Techniques, $5.00. Joe 


Nezovich, 151 Constitution, Connoqueness- | 
ing, PA 16027 


AUTO SUPPLIES & EQUIPMENT 


' ALTERNATOR Generator Rebuilding 


Book. Price: Hedelund, 
Las Vegas, NV. 89128. 


BETTER HEALTH 


BUILD BIGGER MORE POWERFUL 
MUSCLES, FASTER, FREE BOOKLET. 
HERCULES BODYBUILDING, 1223 
Borg-S, Temperance, MI 48182. 


STOP POLLUTANTS DEAD, EFFEC- 
TIVELY ELIMINATE, Smoke, Chemical 
Gases, Odors, Bacteria, Pollens, Mold. - 
Home or Business - send $5.00 for informa- 
tion on Hi-tech breakthrough. PREMIER 
SOLUTIONS, 15705 193 St. East, Hast- 
ings, MN. 55033 


NEW INVENTION Turns Bicycle Into 
Full Body Exerciser. Free Information. 
Better Cycles Inc., P.O. Box 151323, Cape 
Coral, FL 33915. 


STOP SMOKING. Self-hypnosis and 
subliminal p . Two cassettes. $19.95 
STI, P.O. Box 7134, Princeton, NJ, 08543 


BOATS, MOTORS & EQUIP. 


BO M.P.H. UNDER $2000. Hovercraft 
Airboat Plans, Parts Catalog $1. Universal, 
Box 281B Cordova, IL 61242 


7505 Barkentine, 


Exp, or Diners Club Account (give # & exp) Advertisers using box 
number in ad must furnish name & street address for our records. 
Send order & remittance payable to POPULAR SCIENCE, Classified 
Dept. 6C, 2 Park Avenue, New York, NY 10016, 212-779-5163. For 
advertising information call 800-445-2714. Fax #: 212-779-5568. 


Dorothy Ellis, Anne Rosenthal, Classified Advertising Representatives 


EVINRUDE-—OTHER BRANDS 1989 
BARGAINS ... All Sizes... $2.00 Han- 
dling. Scott McCulloch parts ... Electra 
Marine, 610 Merrick Road, Lynbrook, 
New York 11563. (516)599-3003. 


BOAT PLANS - PATTERNS - KITS - 


. Unsurpassed selection. 168-page DESIGN 


BOOK - $4.00 AIRMAIL. GLEN-L. 9152 
Sopac TADA, Box 1804/PS3C, Bellflower, CA 


ARTS & CRAFTS 
“GETTING Started In Stained Glass” 


$1.00. Whittemore, Box 2065X, Hanover, 
MA 02339. 


=AmeriClas 


Visions in daas 


FREE Stained Glass Catalog 


Create elegant stained glass ornaments, 
gifts, and other beautiful items easily and | 


affordably. Choose from a full line of 
| glass, bevels, tools, and supplies. . . 
everything you need. And all our / 
products are 10046 satisfaction [> 
guaranteed. Write today for 
your free stained glass catalog. 


AmeriGlas, Dept. PS-103, 
Box 27668, Omaha, NE 68127-0668 


ASTRONAUTICS 


30 ANTIGRAVITY METHODS! Amaz- 
ing Catalog: Send $2.00. Rexco, Box 19250, 
Jean, NV 89019. 


HUGE FLYING Rocket Kits. Motors. 
$1.00. HSR, Box 5127, Reno NV 89513. 


ROCKET MOTOR MAKING TOOLS, 
u acs ie cue Impulse Reactions, 
| Box 61342 attle, WA 98121. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


s hee drive ATV 


| passenger 
models 


- 1 "mi 
dad - VERE CaL Ge wb, Feci y 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. 


60 Depot Street, Buffalo, NY 11206 
ALTERNATE ENERGY 


SOLAR CELLS. 


related tec hnology for irn power. 
APPLIED PHOTOVOLTAICS 
Box 2773, Staunton, VÀ 24401 
"Bringing the cost of Solar Electricity 
down fo earth. " 
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FREE HYDROGEN FUEL and OXY- 
GEN from water. Generator uses solar cells. 
Plans and Kit $15.00. Prairie Power, Box 
8291, Edmonton, Alberta, T6H 2W6. 


Hydrogen Powered AUTO, 
$10.00, Hydrogen GENERATOR $10.00, 
Fidrogen Information BOOKLET 210.00. 

Three $25.00. HYDROGEN FO. Box 
581, Troutdale, OR 97060. 


200 SUPPRESSED/DORMANT IN- 
RARE INFORMATION 


119250, Jean NV 89019. 


THE HOMEBUILT DYNAMO (1987) 
Complete illustrated Low-tec teci pinna $65 
(US) postpaid airmail. Revi 1989 in 
MODEL ENGINEER (December 15) and 
POPULAR ELECTRONICS (December). 
Brochures $2. Todd-Forbes Publishing, 
Par Fe PS, Box 3919, Auckland, New Zea- 
and. . 


AMAZING SECRET KNOWLEDGE 
suppressed by government/industry. Cata- 
log $2. Borderlands: Garberville CA 
95440-0429 


NEW Water Fueled F Engine! Free Catalog. 
CEACU, Box 261P, Morton, WA 98356. 


OPERATE 3-PHASE MACHINERY 
[With single phase house current. Complete 
‘how to build your own instructions wiring 
diagram, and parts list $20.00. Electro Me- 
Pv Service, 918-4th Ave, Opelika, AL 


| SOLAR Collectors, Hydroponic/ 
Greenhouse Control. Send stamp. 10909-PS 
Hayvenhurst, Granada Hills, CA 91344 


NEW! BUILD AMAZING LIQUID PIS- 
‘TON ENGINE from pipe fittings. Easy 
Plans. Free internation ABCO, Box 306-S3, 
‘Seminary, MS 394 394 


AGE NTS WANTED 


BE RICH! YOUR HOMEBASED BUSI- 
NESS! ENTREPRENEURS, BOX 2069, 
MONTROSE, COLORADO 81402-2069. 


100 HOLOGRAMS $19.95. DISTRIB- 
UTOR PACK, UNIVERSAL HOLO- 
‘GRAMS 306 PEARL AVENUE, SAR- 
ASOTA, FL 34243 


AIR GUNS 


BEEMAN ADULT AIRGUNS! Worlds 
most accurate and most powerful, regular, 


production airguns. Calibers: .177, .20, sm: 
‘05 est U.S. sales. Unequalled tri 
action, durability, ownership pride, q ity. 


Also: pointed, hollow point, extra heavy, hi- 
velocity, and match pellets. Free 104 page 
Guide/Catalog. Add EN for fast mail. 
Beeman Precision Arms, 3440-PSC Airway 
‘Dr, Santa Rosa, CA 95403. (707) 578-7900 
(24 hours). 


BUSINESS OPPORTUNITIES 


$1804 MONTHLY! Buy/sell cars (spare 
time). Revealing 
Oak Drive, Fre 


wood, TX 77546. 


TAKE PICTURES for profit. Camera 


Ventures, Box 771, Lamara, CO 81052. 


MILLIONAIRE Mailorder Expert Re- 
veals Money-Making Secrets. Free, exciting 
hour cassette: Melvyn. Powers, No. Holly- 
wood, California 91609. 


MAKE $7,000 monthly as Loan Broker 
without investment/experience. Financial, 
Box 3578-Y, Anaheim, CA 92803. 


$500 WEEKLY mailing ads. Admailers 
Associates. Box 51063, Durham, NC 27712. 


MEDHANIOAMEY inclined individuals 
desirin h Weekly Profits operating 
Small andati usiness Without In- 
Néetrhent write: Businesses-P, Box 9008, 
Baldwin N.Y. 11510-9008. 


AUTO BATTERY RECONDITIONING! 
(EASY) EARN HUNDREDSSS WEEK- 
LY! TRADE “SECRETS” REVEALED! 


(FREE) INFORMATION! BATTERY 
OUTLET, BOX 3300PS, HICKORY, N.C. 
28603-3300. 


$15,000 MONTHLY Income! Easy Mon- 
ing Plan. No Investment. McDowell, 
x 5529-Y, Diamond Bar, CA 91765. 


NEED MONEY? Free Grants, Signature | 
Loans, Business Loans. Write: Action #7-Y, | 


Box 5499, Diamond Bar, CA 91765. 


roof! Write: CODEX, 507 


RECYCLE METALS, NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsbys, Box 1214, Franklin, TN 
31065-1214. 


GIANT TV 


DONT BE FOOLED BY IMITATIONS! 
Build the best giant screen projection TV for home or 


fit with lenses and screens utilized by SONY, EM 
YLVANIA, and MAGNAVOX! Simple construction! lus- 


rts catalog 


trated information. Profit plan, and com compre n 
yearty!!! 


$2. . Money back guarantee! Earn $1 
POLI-VISION GIANT TV 
187 CYPRESS ST., THROOP PA 18512 


LET THE GOVERNMENT FINANCE 
your small business. Grants/loans to 
$500,000. Free recorded message: 
707-448-0270. (JG6) 


$40,000 ON 1/3 ACRE! New hydro- 
nics - inexpensive, pleasant, practical! 


ree information. Planters, Box 1214, 
Franklin, TN 37065-1214. 


ADVERTISE free in 550 Magazines. 


$5.00. Directory, Box 11W, Atlanta, GA 
30301. 


MAKE YOUR DREAM COME TRUE. 


EARM $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 U.S./CANADA 
OR WRITE: GLASS MECHANIX INC., 
10170 HW 47 ST., SUNRISE, FL 33351. 

HOME Assembly Work Available! Guar- 
anteed Easy Money! Free Details! 
Homework-PS, Box 520, Danville, NH 
03819 


SPARE Time Fortune in Vinyl Repair. | 


Huge demand. Exceptional profits. Every- 
thing supplied. Details free. 


trose, Chicago 60618. 


EXPLODING BUSINESS OPPOR- 
TUNITY combining health & wealth. 
$20.00 investment. Free details 
1-800-658-0289 for recorded message 


HYDRAULIC JACK REPAIR MANU- 
AL AND CATALOG $10.00. HYDRAU- 
LIC PARTS SUPPLY, BOX 4157, 
BROWNSVILLE, TX 78523-4157. 


$200 $500 weekly AT HOME!! No 

immicks—Details FREE! Homeworkers- 

. Box 32397. Palm Beach Gardens, FL 
33420. 

MAILORDER OPPORTUNITY: MATE 
profitable home business without ex 
rience or capital. Free book. Mail O 
Associates, Dept. 720, Montvale, NJ 07645. 


STAY AT HOME! Make Over $100 A Day! 
(315) 397-2317 Anytime! Extension 391 


THOUSANDS EASILY. Free informa- 
MUR Specialeffect, Pyrotechnics, 4523 Wood- 
an, Box 56533, Sherman Oaks, CA 91413. 


ADVERTISE FREE in 2,300 Magazines, 
Newspapers, Radio, Television. $5.95; 
DIRECTORY, Box 14107DB, Jackson, 
MS 39236. 


SCREEN PRINT T-SHIRTS. Inexpensive . 


kits. Free Details. T-Printer, P-O. Box 23991 
(LLC). Tampa, FL 33623 


BUMPERSTICKER PRINTER. Chen 
simple, portable. Free details. Bumper, PO 


22791 (LLC), Tampa, FL 33622 

DEALERS Needed - Revolutionary New 
Mini-Satellite Antennas. Tremendous De- 
mand 800-762-7952 x-774. 


$1000's WEEKLY Potential Now Re- 
vealed Information (Free). Guaranteed Sat- 
isfaction. Advanced Publishing, Box 128, 
Thurston, OH 43157. 


$975. DAILY POTENTIAL! Amazing 
Concept 900 Phone Line. Free Setup. Hu 
Profits Via $10/Calls. Make Thousan 
Sneak preview uncommon program, re 
1-900-420-8253. Write: Phonelink, Box 801, 
Southeastern, PA 19399. 


#1 MONEY MAKER Spare Time! No 
selling! No inventory! Publicly documented 
income to $20,000 in seven iar got Free au. 
dio cassette and report reveal everything! 
Write: Real Money, 206-KPS North Signal, 
Ojai, CA 93023. 

PIANO TUNING ACADEMY 127175 
Germania, Alexander, AR 72002. TUNING 
REPAIRING REBUILDING. 


DRUG RAID SEIZURES! Buy dirt 
cheap. Cars, Houses, Boats, Computers, Fur- 
niture. Free Details: Seizure Box 4309-YD, 
West Covina, CA 91791. 
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EARM $64,000 YEARLY AND MORE . 


with little to no Capital. Get paid the first 
ii you work! For complete instruction man- 

send $9.95 to: Yale, 7324 Commercial 
Circle, Ft. Pierce, FL 34951. 


MAKE 3$50/HR WORKING  EVE- 
NINGS OR WEEKENDS in your own 
electronics business. Request free facts. 
MJES INDUSTRY, Box 531, Bronx, NY 
10461-0208. 


$25,000 MONTHLY Taking Photo- 
grar hs! Work only 5 hours weekly! Call re- 
led message: (303) 674-8155. 


INCOME DISCOVERY! Famous PhD. 
Scientist Reveals High-Income Discoveries 
Anyone Can Use to Achieve Wealth. Free 
Facts: SK Inc., 109 Hollywood Ave Dept 11, 
Oxnard, CA 93050 


T-SHIRT PRINTING MACHINES. We 
manufacture professional single and multi- 
color screen printing equipment. Inexpen- 
sive, Brochures, Info pack $1.00 (refund- 
able). Catco, 12201 35 St., 
Coral Springs, FL 33065. 


MAKE BIG MONEY REPAIRING 
WINDSHIELDS AND plate glass! Up to 
$75,000 yearly! Call TOLL- E USA & 
CANADA: 1-800-321-2597 for valuable 
demonstration video and FREE report. 
Glas-Weld Systems, Box 5755 C2, Bend, OR 
97108. 


#538P5, 


AMAZING! program has made hundreds 


of people Millionaires. Guaranteed profit or 
your money refunded. Accepting only 3,500 
new clients worldwide. Send $1.00 Info. 
Sachlas 1651 Couvrette, St-Laurent Quebec 
H4L 4T7 Canada. 


CRAMPED FOR SPACE. Get Hide A 
Desk Plans $5.00 Refundable. Desk, Rt. 3, 
Box 96, Booneville, AR 72927. 


$225 DAILY "CHROME PLATING" 
AUTO PARTS, MOTORCYCLES, INEX- 
PENSIVE, EASY, (FREE) information: 
Chrome, Box 2285, Waldorf, Maryland 
20604. 


AMAZING Sparetime Moneymaker! No 
Selling! Write: Sunshine, 2265 Koosbay 
Boulevard, P3391, Coos Bay, Oregon 97420. 


FORMICA: Repair Burned and Damaged 
Countertops WITHOUT REPLACE- 
MENT! Quick, easy to $600/day. Change 


Countertop Colors WITHOUT REMODEL- | 


ING! Details FREE! 206/256-9742. Write 
today to RENEW-ALL, BOX 9900-55, Van- 
couver, WA 98668. 


EARN $500 weekly mailing letters. Free 
CA DIN Omega, Box 4309-YF, West Covina, 
1791. 


GET IN ON THE ACTION! Learn how to 
make a “KILLING” in the commodities mar- 
kets. I can show YOU how the professionals 
do it. Tradeline, FO. Box 3204, Ridgewood, 
NY 11385 


$300 for 2 hours of HARD WORK? 
Guaranteed offer. MC Visa accepted. Details: 
Send stamp to Professional Support Sys- 


tems, 1410 Rockhaven #201, Manteca CA 
95336-2937. 


$2000.00 Monthly Possible 


Assemble products at home. Men and 
Women needed! For free details, write 
or call amazing recording: 


(609) 693-5955 


Homeworker Services, Ltd. 
1358 Hooper Ave. Dept. 253-PS 
Toms River, New Jersey 08753 


GET Out of Debt! Your Own Home Busi- 
ness! Free Info! Write: Rob Publishing, 2485 
Washington Box 628, Julian, Calif 92036. 


HOW TO START YOUR OWN IN- 
COME TAX SERVICE $4 MEDTEK, P.O. 
BOX 131, NEW MILFORD, NJ 07646 


GET PAID for mailing letters! No ex 
Write: PAASE - EE5, 161 Lincolnway, No 
Aurora, IL 60542. E 


GOVERNMENT SEIZED PROPERTY 
CONFISCATED IN NARCOTIC RAIDS 
Cadillacs, Mercedes, Broncos: Buy for a 
Song. Use or Sell at Big Profits. Confidential 
Report reveals all the Facts. Send $12.00 
check or M.O. to Continental Investments, 
P.O. Box 40467, Memphis, TN 38174. 


ALUMINUM SCRAP—Recycle Yourself 
—MAKE UP TO $25.00/POUND! FREE 


INFORMATION Industrial - P3291, Box | 
127, Alexandria Bay, New York, 13607. | 


MAKE 500% profit immediately. House- 
wares, electronics, giftware sportin Goods, 
and more. $5.00 brings below - wholes 
catalog (refundable) Mail today to: 
BLEDSOFE', Rt. 11 Box 174, Tyler, 
75709. 

FINANCE your new/existing business. 
Government grants/loans. Information: 
$2.00 (Refundable). FedFunds, Box 600796- 
PS, San Diego CA 92160. 


AUTO DETAILING: Easy, little — 
ment, high profits, fast proving iwa ; 
DJ' s, Box 957281, Hoffman Estates, A 
60195 


GET PAID for taking easy snapshots! No 
Exp. Call 1-900-230-3636 ($0.99/min) or 
Write: PASE - DA4, 161 Lincolnway, North 
Aurora, IL 60542 


FREEDOM! PRESTIGE! SECURITY! 
DISCOVER OVER 500 PROFITABLE 
HOME BUSINESSES. EASY STARTING. 
SUCCESS AWAITS YOU. ACT NOW. SEND 
ONLY $6.95 SATISFACTION GUARAN- 
TEED. RL DIFFUSION 3463 STATE 
ee ET SUITE 543R, SANTA BARBARA, 
TA 93105. 


NEW! GROW EXPENSIVE PLANTS. 
SELL FOR 2,000% PROFIT. Free infor- 
mation. GROWBIZ, Box 306-S3. Seminary, 
MS 39479. 


SUCCESSFUL Home Business, Free 
Gift, High Commission, Guaranteed, De- 
tails. 1-800-755-9157 


HOME BUSINESS MAIL ORDER 
SUCCESS BOOK. DETAILS. BONANZA 
DISTRIBUTING-PS391, PO BOX 147, WA- 
TERTOWN, SD 57201 


READ BOOKS for pay! No exp. Call 
1-900-847-7878 ($0.99/min) or Write: 
PASE - LU9, 161 Lincolnway, North Aurora, 
IL 60542. 


CHANGE YOUR LIFE: Start Profitable 
Home Business. FREE INFORMATION: 
Cloverleaf Books, 11201 Colorado Street, 
Clinton, Maryland 20735-4008. 


WANT to make $1,000's weekly and be 
Toc. OWN BOSS? FREE nforduation, 

PC, Dept. PS390, P.O. Box 3696, Wil- 
liamsport, PA 17701. , 


PERSONS owning basic WOODWORK. 
ING tools desiring high weekly profits oper- 
ating small manufacturing business at 
HOME write: PTR Engineering, 51 Norden, 
Don Mills, Ontario M3B1B7. 


SELF EMPLOYMENT Riches. Write 
Success PS391, Box 586, Ellicott City, Md 
2104 


SAVE time, money! We'll rush your name, 
address to all free portunities in this mag- 
azine. Guaran $1.00. Jonathan, Box 
9602, Glendale, CA 91226-0602. 


FREE "WEALTH SECRETS". 576 Re- 
orts Entrepreneurs-PS3 Box 291332, 
avie, FL 33329. 


EXCLUSIVE MAILORDER OPPOR- 
TUNITY! Established Firm, 3000+ Prod- 
ucts. No Experience or Capital Required 
Drop Shi ipping Available. Free INFORM 
TION! Midar Marketing Inc., Box 1337 
1337. 


Sault Ste Marie, MI 497 


AWESOME AND LEGAL. HOW | 
CAN MAKE UP TO $1000 PER DAY 
OUTDOORS. FREE DETAILS. Sierra. 
Box 1850-B, Grass Valley, CA 95945. 


BODY BUILDING, SELF DEFENSE 
COURSES - 

KARATE detailed home instruction man 

ual $5.00. Lawrence Publishing, P.O. Box 

245, Savage, MN 55378. 


BOOKS & PUBLICATIONS 


IF ENGINES ARE 
YOUR HOBBY, 
LIVE STEAM . 
IS YOUR MAGAZINE 


Live Steam has everything you : 
want to know about steam engines 
and working scale models—4rains, 
boats, tractors, stationary. $29 a 
year check or charge card. Live 


Steam, Dept. A19, Box 629, Tra- 
verse City, MI 49685. Or call 
800-447-7367. 


MANUSCRIPTS Wanted, all types. 
ublisher with 70-year tradition. 1 - 
45-9599. 


FREE, interesting illustrated self- 
aprovement book Catalog Hollywood Book 
ompany 4710 South Western Ave. Los An- 
es CA 90062 


SAVE MONEY ON PROPERTY 
AXES! $10.00. Hometax, RR2, Site 10 
ymp. 40. Westbank B.C. VOH 2A0 Canada. 


AVIATION 


HOBBY HELICOPTER Ultralight True 
elicopter-Conventional Helicopter 
mtrols. Simplified construction—Motor- 
‘cle or Rotax engine. Information: $5.00: 
DLYNOVA, t. PS, Saint-Remi, Que- 
c Canada JOL 2LO0. 


Ultralight Helicopter | 
- Pilot License Not Required - — | 


RE. 


i 
New j| zm 
‘velopment! ^d 


Tar 


HOMEBUILT ROTORCRAFT maga- 


ne. Twelve issues - $20.00. Sample - $2.00. 
[SA, MasterCard. RFI, Suite 2 
ini SE, Albuquerque, NM 87108 (505) 


IB-93 


NLD YOUR OWN aa warm HELICOPTER l 
he-off ftom sone goen skies! 


imple, low-cost 


assembly 
lo license needed 

ral helicopter 
pag plans avail. 
elicopter Pi ease ey $14.95 
elicopter Experimenter Book... $11.85 
omplete Kit Info. ......... $10.00 i 
SPECIALI All 3 items: Only $19. SA} 

Dagtage. Foreign add ¢ ; 
P.O. Box 50- A | 
Riderwood, MD 21138 


HELI RAFT 
ES" Credit card arder line: 1-301-583-6366 


BUY IT WHOLESALE 


200,000 BARGAINS Below Wholesale! 
any Free! Liquidations Closeouts! . . . Job 
ts ... Single Samples. Free details. 
bridwide Bargainhunters, Box 1409-B, 
lland, MI 49422. 


LOSEOUTS! Wholesale! Overruns? 
eebies! Information (stamp): DDN. Box 
| 152-G, Ferndale, Michigan 48220. 


3 buys New Color TV or VCR wire- | 


$a Wholesale clubmembers only. Free 
mbership application. TSI, Box 3043, 
okie, IL 60076 (708) 674-7888 


"ONSUMERS get household and office 

ducts at WHOLESALE PRICES. Free 
ails. MJWC, 1101 River Road, Cinna- 
son NJ 08077. 


BICYCLES, ETC. — 
RECUMBENT BICYCLES, 24 designs 


ated $5.00. P.O. Box 73, Mercer Island, | 
98040. 


COMPUTERS 


UILD your own Macintosh and save 
to. New book shows how. Free info. 
ants, Box 68708, Portland, OR 97268. 


OMPUTER ENHANCED READING 
! Vith effortless ease, read Pride & Preju- 
e, Wuthering Heights, Silas Marner, 
rd 1 Times, on this amazing new IBM sys- 
. Send $99 payable to LYSA, Box 2781, 
blin 15, Ireland. 


HOUSANDS OF COMPUTER PRO- 
AMS FREE! Send $5.00 For Informa- 
. LRA, Box 478, Pleasant Hill, OR 


32M SHAREWARE, OVER 30 OF THE 
T PROGRAMS. SPECIFY FOR- 

T. SEND $9.95 TO: SAS ENTER- 
SES, BOX 552, LEMONT, IL 60439. 


UILD your own MACINTOSH com- 
e instructions/sources list $9.99. Step-By 

D p videotape $19.99 Both $24.99. Colby 
ems, 299] Alexis, Palo Alto, CA 94304. 


-PS 5555 | 


PC BARGAINS. Tremendous savings. 
FREE Information. EFG, Suite 290B, 2908 
Kingston Pike, Knoxville TN 37922 


CB RADIO 


POLICE—FIRE SCANNERS, CB'S 
MARINE 2-WAY, ANTENNAS, HPR, 
BOX 19224P5, DENVER, CO 80219. 


CABLE EQUIPMENT 
CABLE T.V. CONVERTERS Jerrold, 


| Oak, Scientific Atlantic, Zenith, & many 


others. “New” MTS stereo add-on: mute 
volume. Ideal for 400 & 450 owners! 
1-800-826-7623. B&B INC. 4030 Beau- 
D-Rue Drive, Eagan, MN 55122. 


CABLE TV BOXES, We sell only the best 
low prices, we ship COD. $2.00 for catalog 
Ace ucts, PO. Box 582, Dept. S, Saco, 
ME 04072, (207)967-0726. 


CABLE TV 
“BOXES” 


Converters—Descramblers 
Remote Controls—Accessories 
x Guaranteed Best Prices + 
* 1 Year Warranty —C.O.D.s * 


* Immediate Shipping x 
* FREE CATALOG * 
Call or Write 
TRANS-WORLD CABLE CO. 
12062 Southwest 117th Court, Suite 126 


, - Miami, Florida 331B6 CORTE 
erm 1-800-442-9333 | 

VISA Mastered. oed | 
E 


CABLE TV Converters and descramblers 
Bargain Headquarters! Jerrold, Tocom, Ze- 
nith, Hamlin, Scientific Atlanta, Oak M35B 
Only $60. Free Catalog. GCN. 1032 Irving 
ST #109, SF, CA 94122. Order Now! Visa/ 
MC/COD 800-327-8544. 


CABLE TV converters-descramblers 
wholesale club! We specialize in dealer sales. 
Our low 10 lot prices: Jerrold 400DRX3DIC 
$95.00, Zenith Ztac $150, Many others! 
Video-Tech, 3702 S Virginia St 4160-304, 
Reno NV 89502. Call today! visa/mc/cod 
800-562-6884. 


All makes and models! Low Prices. 
Quantity discounts. 60 Day Warranty. Shipment 


| YEARS OF CUSTOMER SATISFACTION! 


Purchaser agrees to comply with all State and Federal laws re- 
garding private ownership of Cable T V. equipment. Consult your 
local officials 


CABLE TV SECRETS—the outlaw pub- 


lication the cable companies tried to 
HBO, Movie Channel, Showtime De- 
scramblers, Converters, etc. Suppliers list 
included. $9.95. Cable Facts, Box 711-P3, 
Pataskala, OH 43062. 


B rr a = = zi 1 
3ble V. Converters 
E A 


PO Box 26 « : Wood Dale, IL L 60191 
(708) 766-5222/Fax (708) 766-5269 
Call CST Mon.-Fri. - 9-5 / Sat.-10-2 
JERROLD * SCIENTIFIC ATLANTA 
OAK * ZENITH * HAMLIN * PIONEER 

Converter Only * Hand Helds 
Ch. 3 Filters * 3 Ft. Jumper Cable 

VISA/Mastercard C.O.D. 
Orders Only 1-800-735-5912 
10 Yrs. Experience 

6 Mos. Warranty 

(NO ILLINOIS SALES) 


DESCRAMBLERS, Converters, LOW- 
PO. 
Box 34503, Minneapolis, MN 55434 


EST PRICES. CNC Concepts Inc., 


i -B00-535-1 643. 


NAS 
CABLE BOXES 
FREE CATALOG 


1-800-848-3997 


Jerrold « Scientific Atlanta 
Many Others 
1 Year Warranty « * CODS 


ae " 
Qe e nm en. 


DESCRAMBLERS. Complete cable de- | 
scrambler kit $39. Complete satellite de- | 


scrambler kit $45. Assembled units also. | 
. MJMS INDUSTRY, BOX 531, 


Free Catal 
BRONX, N 


' 10461-0208 

CABLE DESCRAMBLERS 
OAK M35B COMBO $39.95 
Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer 
A MORE! OUR PRICES ARE BELOW WHOLESALE! 


CABLE- PLUS 
14417 Chase St. #481-M, Panorama City, CA 91402 
1-800-822-9955 + Other info. 1-818-785-4500 
NO CALIF SALES — DEALERS WANTED 


CABLE TV DESCRAMBLERS 
* CONVERTERS * 
and ACCESSORIES. 


PANASONIC, JERROLD, OAK, 


PIONEER, SCIENTIFIC ATLANTA 
AND MORE. LOWEST PRICES. FREE CATALOG. 


CABLE READY 
COMPANY 


(800) 234-1006 


CABLE TV CONVEHTERS & DE 


SCRAMBLERS For Jerrold and Scientific 
Atlanta. Low prices, one year warranty. We 
ship COD. Bay State Electronics, P.O. Box 
103, Boston, MA 02188 1-800-359-9806 


COINS & CURRENCY 


DECENTERED CURRENCY. Genuine 
U.S. dollar bill, offset 3". Limited supply. 
$29.50. Information $2. NORTHWEST- 
METRO, POB 1262, Elk Grove, CA 


95759-1262. 
DO-IT-YOURSELF 


ARROWHEAD Making. VHS $29.95 S/H 
$3.50. Commons, Box 5012-PS, Central 


Point, OR 97502. 


51,000 CATALOGS listed. Sources For 
Anything! $5.95 CATALOGS. Box 92452X, 


Atlanta, GA 30314. 


TELEPHONE LISTENING DEVICE 


Record telephone conversations in your oflice or 
home Connects between any casselle or tpe 
recorder and your telephone line San tuto- 


siés ol conversinon Stops Meor. wher 
: phone is hung up 


Super Powerful FM TRANSMETTEN 
Many tenes mort powertul than other transmitters 

Transmis up lo 'à mae to any FM rade -Easy Io 

Assembie Ad - up fo 3V Galery (nol mc! | 

For catalog of Transmiters. Voice Scramtyiers and 

other specialty dems. enclose $2 00 to USI Corp 


Call 407-725-1000 of send $19.85 + $1.00 
shipping per item to: USI Corp., FO Box 
PS-2052, Melbourne, FL 3289802 COD’: OK. 
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- VENTIONS! 


QUARTZ CLOCK MOVEMENTS and 
supplies! Low Prices! Yankee Ingenuity, Box 
1133, Altus, OK 73522. 


200 SUPPRESSED/DORMANT IN- 
RARE INFORMATION 
DATABASE CATALOG! $2: REXCO, BOX 
19250, JEAN, NV 89019. 


SURVEILLANCE 
TELEPHONE 


| Monitor room conversations $175.00 
| Monitor room & telephone 
conversations i $275.00 € 


Dialer tap, calls you when phone is used. $305.00 | 
Available in the telephone or small plastic case. 


Range Unlimited - & month warranty - Phone Tap Catalog $3.00 
LISTEN ELECTRONICS, 603 Elgin, Muskogee, OK 74401 


1-800-633-TAPS 


| BUGGED? WIRETAPPED? Find out 
fast! Countermeasures equipment catalog 
$1.00. Capri, Box 5898, Bayfield, CO 81122. 


LONG PLAY CASSETTE RE- 
CORDERS, Voice-activated. Records 12 
hours per standard cassette. Free Brochure. 
Productive Electronics, Box 930024, Nor- 
cross, Georgia 30093. 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! 


Do it yourself REFILL IT (canon: COPIERS 
H's easy 750 
Complete p ki includes SAVE OVER | t LASER PRINTERS 
$ i che | 
‘cnn, — E 
I IATED Order or Information| INST RUCTONAL vide 
"2r S i800) E37-5636 — | 


v Tr FAY (708) 898.9003 | $4500 - 


RADAR collision avoidance radar for 
auto, truck, boat, rv. FREE MICRO CHIP 
included with plans $9.95. KSR Electronics, 
P.O. Box 2413, Bridgeview, IL 60455-2413. . 


73,560 CATALOGS DIRECTORY 

ide. Sources For art Listed and 

escribed! $6.95: CATALOGS, Box 
14107 AB, Jackson, MS 39236. 


LEARN TO READ with $39.95 VIDEO, 
FOR DETAILS CALL 1-800-359-7874. 


EAVESDROPPING MANUAL and cata- 
log $3.00. SCANNER MODIFICATION 
MANUAL and catalog $10.00. RF PROD- 
UCTS, Box 1084, Montgomery, Alabama 
36101 (205) 244-2050. 


AMAZING 


SCIENTIFIC & ELECTRONIC 


PRODUCTS 
LASERS AND SCIENTIFIC DEVICES 
VAL2K 3mw Vis Red Laser Diode System Kit ............... $159.50 
LUSIK — Laser Beam" Bounce” Listener Kit ............ mE 
LHC2M — — Visible Simulated 3 Color Laser Mit................... $44.50 
Lt? 40 Wati Burning Cutting Laser Plasts................... $20.00 
RUB4 Hi.Powerad Pulsed Drilling Laser Plams.............. 920.00 
LBUA) 1 to 2mw HeNe Vis Red Laser Gun Assembled .. 9199.00 
LL$1 Laser Lite Shaw - 3 Methods Plans ................... $20.00 
SD5K See in tbe Dark Ki... $299.50 
EMLIK — Electromagnelic Coil Gun Kit... $69.50 
MCP1 Hi Velocity Coil Gun Plans .......... EUREN iRerrR $15.00 
LEVI Levitating Device Plams............... — € $10.00 
EH1 Electronic Hypnotism Techniques Plans ..............510.00 
HIGH VOLTAGE AND PLASMA DISPLAY DEVICES 
HVMTK 75.000 Volt DC Variable Output Lab Source Kil....$149.50 
IQG3K lon Ray Gun Kit, project energy without wires ......$69.50 
NIGSK 120/115 VAC Hi Out Neg lon Generator Kit...........$94.50 
EMATK Telekinelic Enhancer/Electric Man Assembled ...... $99.50 
LGSK Lightning Display Globe Kit .................... "EM 
BTCTK Worlds Smallest Tesla Coil Kit .......... EET $49.50 
BTLIK 250KV Table Top Tesla Coil Mit... $249.30 
ETCS 1.5 Million Volts Tesla Coil Plans ............... wove 00 
J13 Jacobs Ladder - 3 Models Plans ...................... $15.00 
GRAI Anti Gravity Generator Plans ...................... $10.00 
PFS20 Plasma Fire Saber Assembled |... $68.50 
DPL20 — Dancing Plasma to Music and Sounds Assembled ..$79.50 
SECURITY AND PROTECTION DEVICES 
IPG70 invisible Pain Field Blast Wave Gen Assembled ....$74.50 
PSP4K —  Phasor Sonic Blast Wave Pistol Kit ..................$59.50 
usn lafinity Xmtr, Listen in Via Phone Assembled ......5199.50 
TAT30 Automatic Tel Recording Device Assembled .... .....$24.50 
VWPMTIK —.3Mi, FM Auto Tel Transmitter Kil ..................... $40.50 
FMVIK 3 Mi. FM Voice Transmitter Kit .................... 39.5] 
HODIK —— Homing/Tracking Beeper Transmitter Mit.............$49.58 


EASY ORDERING PROCEDURE TOLL FREE "- 1705 
or 24 HRS ON 1-503-673-4730 or FAX IT TO 1-603-672-5406 
VISA, MC. CHECK, MO IN US FUNDS. INCLUDE 10% SHIPPING. ORDERS 
$108.00 & UP ONLY ADO $16.80. CATALOG $1.00 OR FREE WITH ORDER. 


INFORMATION UNLIMITED 


P.O. BOX 716, DEPT. PS9, AMHERST, NH 03031 
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REFACE YOUR CABINETS "A PRO'S 
SECRETS" $9.95 TO RAINBOW PUB- 
| LISHING, P.O. BOX 42414, PORTLAND, 

OR. 97242. 

AUTOMATE YOUR HOME FOR LESS 
THAN $200. - Plans for lighting, ap- 
pliances, audio, video, security, com- 
munications & more! $29.95 to: HOME 
AUTOMATION USA, P.O. BOX 22536P5, 
Okla. City, OK 73123. 


SUPER-MINIATURE 


FM TRANSMITTER 


| NEW XSTSO0 SUPER-MINIATURE 
uses Surface Mouni 


anywhere Transmis whispers 1o ary $ 
FM recenver up to a mile away, Uses L Ad A 
SV batey. Complete, easy c di 
assembe! kf wih all SMT pars € 
already assembled to circuit board 


M 
$39.95 PCS Joh ge 
TECH INFO 1-602-829-8152 
ORDERS ONLY 1-800-336-7389 

XANDI ELECTRONICS 


M 
201 E Southern Ave, Sulte 114 — AES 
Tempe, AZ B5282 je 


LEM * 


LASERS, 1 mw To 2kw, Low Prices, Free 
Catalog, CALL TOLL FREE, 1-800- 


356-7714, Or Write: MWK INDUSTRIES, | 


1269 Pornona, CA 91720. 


STOP PRANK PHONE CALLS Elec- 
tronic device displays phone number of Joi 
son calling you, $89.95 (assembled), Bro- 
chure $1.00, SURVEILLANCE catalog, 
$5.00, EDE, POB 337, Buffalo, NY 14226. 


] CLASSIC CARS 
BATTERY MASTER SWITCH 
Patent Pending f >. ; 


Can fit post, 
lug or side ter- 
minal batteries 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts— 12 units or more. 


EDUCATION & INSTRUCTION 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, 
DOCTORATES, ACCREDITED, INEX- 
PENSIVE, FAST. FREE INFORMA- 
TION. DR. JOHN BEAR, PO BOX 826- 
PS, BENICIA, CA 94510. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone free 
1-800-228-5600, or write: American School, 
S #347, 850 E. 58th St., Chicago, IL 


PARALEGAL GRADED CURRICU- 
LUM. Approved home study. Most afford- 
able and comprehensive. 100 years of legal 
training. FREE CATALOG 1-800-826-9228. 
BLAC] NE SCHOOL OF LAW P.O. Box 
790906 Dept. PS, Dallas, Texas 75379. 


FREE COLLEGE TAPE External De- 
grees Business/Public Administration LAW 

raduate-Undergraduate Financial Aid. 
(800) 759-0005 Ext 618 LASALLE UNI- 
VERSITY Mandeville, LA 70470-4000. 


RECESSION PROOF HOSPITAL CA- 
REERS! GET FACTS AND ADVICE $4, 


MEDTEK, P.O. BOX 131, NEW MIL- | 


FORD, NJ 07646 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. (formerly Reisch) 
Since 1933. Term Soon. Free Catalog-COL. 
Gordon E. Taylor, Box 949, Dept. 3, Mason 
City, TA 50401. 515 423-5242. 


EUROPEAN Doctorate and Masters de- | 


by research. Bachelors and Licentiate 

y course of study. For General Prospectus 

send $8 to: Somerset University, Ilminster, 
Somerset, TÀ19 0BQ England. 


FREE GUIDE to 112 college d at- 
home programs. Accredited Bachelor's, 
Masters, rates. Write: Kensam, Box 
1383-PSZ, Far Rockaway, New York 11691. 


, EASY LEARNING THROUGH VID- 
EOS on Engineering, Softwares, Business, 
Management, Marketing, Personal develop- 
ment. FREE CATALOG. 200 topics, ERP 
Inc, 11 Glengarry Way, Cranbury, NJ 08512, 
609-275-6119 


BE A LOCKSMITH: Moneymaking ca- 
reer. Free book. Locksmithing Institute. 
Dept. 311-031, Fairfield, NJ 07004. 


COLLEGE DIPLOMA, prestigeous, in 
Computer-Science, Management, Banking, 
Law, Sociology, BOOST YOUR CAREER. 
1 Semester - 3 Courses, Credit-pts. Accred- 
ited. Distant Teachings - reside at home. 
Easy, Successful Low tuition: $495. 
Financial Aid. Associate Degree 14% Se- 


‘mesters, Immediate Brochure: YAACOV 


COLLEGE INTERNATIONAL, 2 KAUF- 
MAN BLVD., PO.BOX 36502, 61364 TEL- 
AVIV, ISRAEL 


UNIVERSITY degrees in Para- 
chology by correspondence. Bachelors, 
asters, Newage Ministerial certification. 
Frankin University, Box 653, Newbern NC 


ELECTRIC VEHICLES 


CONVERT FROM GAS TO ELEC 
TRICITY. Illustrated step-by-step manual, 
full line of proven components, all new stock. 
$5.00 for catalogue, or $37.50 for manual & 
catalogue. ELECTRO AUTOMOTIVE, P.O. 
BOX 1113-P10, FELTON, CA 95018-1113. 


ELECTRIC Cars, Conversion Manuals, 
Parts and supply sources, newsletters—The 
most complete electric vehicle source $5.00 


Performance Speedway, 2810-C Algonquin, 
Jacksonville, FL 32210. 
ENGINEERED CONVERSION 


PLANS! PARTS! MINICARS! Specifica- 
tions free. 3E, Box 19409-AH, San Diego, 
CA 92159. 


ELECTRONIC SUPPLIES & 
EQUIPMENT 


SURVEILLANCE - Privacy control - De- 
bugging - Protection. (Kits - assembled) 
Large new catalog $5.00 Tri-Tron 2209F 
Lapalco, Harvey LÀ 70058. 


FREE CATALOG: Save hundreds on 
sought after electronic, electro mechanical, 
and computer related hardware and compa 
nents — including hard-to-find items. Call 
toll free: 1-800-776-3700. American Design 
Components/Dept. 116-031, 815 Fairview 
Avenue, Fairview, NJ 07022. 


EMPLOYMENT INFORMATION 


JOBS, Any State, Any Occupation, in- 
cluding Government, State, Public. Also 
Cruiseships, Tugs, grs Riverboats, Chl- 
rigs. Women-Men. Work month- Home 
month. U.S.A. plus Overseas. Information 
$5.00. Nationwide Employment, B223 Cen- 
tral, Indiana 47110. 


NET $300.00 Daily Selling Signs! Con- 
tact GSA, P.O. Box 273570 Tampa, FL 33688 
1-800-876 4600. 


JOBS, Any occupation, any state, govern- 
ment, state, professional. Brochure $3.00. 


Jobs International Box 12204, Norfolk, VÀ | 


23502. 


OVERSEAS ... $30,000 - $75,000 +. 
Free Report! Employment, Box 19760-FC, 
Indianapolis, IN 46219. 


ENERGY SAVING 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND ENERGY SAVING CATA- 
LOG! 64 pages. Order from one expert 
source. Featuring Sun-Lite* for do-it- 
yourselfers, builders, designers. Americas 
pest me saving mai order house! 
$1. tpaid. Solar ponents Corpora- 
tion, Dept. PS. 121 Valley St., Manchester, 


NH 03103. PHONE 603-668-8186 
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FINANCIAL 


DEBTS? BILLS? BAD CREDIT? No 
problem! We'll help now. Applications. ac- 
cepted $500-350,000, Not a loan company. 
Free app: TCAC, Dept. PS. 400 Century 
Park South #117, Birmingham, Alabama 
35226 or call 1-800-869-0607. 


PHONE for a Loan. Fast Process 
($500-250,000 pay up to 15 yrs) Capital - 
(404/593-0244 


GET MASTERCARD NO RISK NO 
UPFRONT FEES FDIC BANK. RE- 
GARDLESS OF PAST! 100% MONEY 
BACK IF DECLINED 1-(900) 896-5808 


$10.00 TOLL. 


$5,000 CASH 
By Mail - Guaranteed 

To Start or Expand Your Business 

NO RISK! NO ONE REFUSED! 


No Credit Check * No Co-Signers 
Guaranteed in Writing 
Pay Back $50 Monthly for $5000 - o Interest 


sim 1-9007726:5622 se 


BEGIN YOUR OWN PERSONAL BUD- 
GET! Complete instructions, information 
and worksheets. Send $9.00 to D. Mast, 277 
Waverly, Holland, MI 49423. 


NEED Cash $500.00 to $50,000.00? Debt 


Consolidation? Major Bank Credit Cards? 
"Instant Credit" Obtained by Mail - 
$3,800.00 Credit Line, No Co-Signers, No 
Credit Check! Free Information Write 
National Credit, P.O. Box 1105, Ozark, AL 
36361-1105, Or Call 24 Hours (205) 
114-3394. Credit Ext: PS3 


FIMAMCIAL SECURITY. LIFELONG 
STRATEGIES THAT PAY! Send $8.00 to: 
A. Wells, Box 1712, Clemson, SC 29633. 


COMPUTER Erase Bad Credit Free In- 


stantly. Free Details: Gold(P), 13950 Ven- 


tura, Sherman Oaks, CA 91423. 
ERASE BAD CREDIT AND PUT 


CASH IN THE BANK Free Details: The | 


Rainbow Press, P.O. Box 601, Morristown, 
IN 46161. 


FOR INVENTORS 


PATENT AND DEVELOP Your [nven- 
tion. Registered Patent Agent and Licensed 
Professional Engineer. Send for FREE PAT- 
ENT INFORMATION Every Inventor 
Should Have. Richard L. Miller, 12 Parkside 
Drive, Suite-N, Dix Hills, NY 11746. (516) 
499-4343. 


REGISTERED PATENT ATTORNEY. 
D.A. Kettlestrings, 414 Hungerford Drive, 
Rockville, Maryland 20850. 1-800- 
748-6218. 


INVENTORS: Call TLCI for free infor- 
mation 1-800-468-7200 24 hours/day — 
USA/Canada 


F PEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 


GRADUATE ENGINEER 


3l YEARS OF EXPERIENCE 
LJ. £x. & iN TEARANATIONAL PATENTS 


Patent and develop your idea with the 
experience of an expert. Call or write for free 


confidential advice, information packet and 
forms for confidential disclosure and record of 


invention. 


Overseas production, proto s 
and research readily valle. 


| INTRODUCTION TO INDUSTRY & MARKETING PLANS 


Also specializing in 
copyrights and trademarks 


Less than 1 hr from 
US Patent Office 
CALL TOLL FREE 1-800-442-2728 
MICHAEL I. KROLL 


REGISTERED PATENT ATTORNEY 
US PATENT REGISTRATION 26,755 


f (71 STILLWELL LANE, SYOSSET, NY II781 


FREE help for inventors! No charge for 
protection forms and information kit. Afili- 
ated Inventors Foundation: 1-800-525-5885. 

PATENT IT ECONOMICALLY! Free 


details. Licensed since 1958. Rainer Ássoci- 
ates, 2008 Fondulac, Richmond, VA 23229. 


INVENTORS! Can you patent and profi 
from your idea? Call AMERICAN INVEN 
TORS CORPORATION for free informe 
tion. Over a decade of service 1 (80C 
338-5656. In Canada call (413) 568-3753. 


THE BOOK OF BOOKS All about ir 
vention For Inventors Free Informatio 
SASE The Network, 60 E. Chestnut, Suit 
303 S, Chicago, IL 60611. 


NEW TOY IDEA? Want access to to 
companies? EXCEL offers full inventor sei 
vices. FREE phone consultation. Call (612 
934-1200. 


THE NEW EUROPE 1992 WANTEI 
Inventions, Ideas, Products, Services. BDC 
16781 Torrence Ave, Suite 295A, Lansing 
IHlinois 60438: 


INVENTORS! Call IMPAC for free ir 
formation package. USA/Canada 
1-800-225-5800 (24 Hours!) 


INVENTORS' DIGEST. AMERICA" 
LEADING INVENTORS' MAGAZINE 
$20/YEAR. MONEY-BACK GUARAN 
TEE. FREE PATENT MANUAL. 213: 
PS BIJOU, COLORADO SPRINGS, Ct 
80909-5950. 


CASH IN! Free Patent/Marketing Info 
mation. Internationally Known Consultan 
1-800-48N VENT. 


INVENTOR'S Battle Plan! Instructio 
Guide and Complete Forms Forget Lawyer 
Patent It Yourself Save Thousands pu 
$19.95 To - Neff, 4 Main, Ripley, NY 1477! 


VISIT America’ largest invention shor 
Over 500 exhibits. Information 
412-288-2523. 


INVENTORS: Free information and ac 
vice from Professional Inventor and Produ. 
Designer for offering your invention fc 
manufacture. Timely action importan; 
MOORE OPPORTUNITIES, 2058 ^ 
Mills Ave., Suite 237, Claremont, CA 91711 


FLASH! BOOKS FOR INVENTORS 
ieee Starcom Box 2121, Peabod 
MA 01960. 


INVENTORS: Free information on offe 
ing your invention for sale. Kessler Sale 
Corporation, C-7-FI, Fremont, Ohio 43420 


FOR THE HOME 


NEED TO HELP FAMILY, FRIEND 
AND EMERGENCY CREWS LOCA 
YOUR HOME AT NIGHT? Ca 
1-800-233-7893 ext. 10 for FREE brochu 


deacirsing the Reflect-R-Box by J.D. Coope 


GAMES. 


NEW, CHALLENGING, Carry in pock 
pete that takes time to master. Excelley 
or Military or security guard friends. $7.0 
for game and instructions. For slow motic 
video add $8.00 to: OE., 34 Herb Anders 
Road, Hattiesburg, MS 39401. 


_ GARDENING 


BUILD 12 VOLT GARDEN SPRAYE 
Plans, parts sources and complete instru 
tions. Simple tools. 1-15 Gallons. Sprays 
hours. You'll love it. Check or MO $11.9 
John Reed, 397 DalRich Village, #313, Rit 
ardson, TX 75080. 


GOOD EATING 


DOWN HOME SOUTHERN COOKIN 
6 Recipes Guaranteed to Please the Pickies 
SASE to: P.O. Box 454, Kailua, HI 96734 


GREAT CHILI! Plus 10 Southwest Sp 
clalties, $5.00. P.O. Box 6243, Salt Lake Ci 
UT 84152. 


GOVERNMENT SURPLUS 


DRUG RAID SEIZURES! Buy di 
cheap. Cars, houses, boats, computers, 
ture. Write: Seizures: Box 4309-YG We 
Covina, CA 91791. 


HEARING AIDS 


HUGE SAVINGS. Eliminate deal 
markup. Free Trial. Batteries wholesa 
Terms Arranged. Lloyds-PSC, Rockford, 
61104. Call 1-800-323-1212 Toll Free. 


FREE Hearing Aid Catalog. All Mode 
Huge savings! No salesman will ca 
RHODES Dept. 125, Brookport, IL 629 
Phone 1-800-453-4905. 


HEARING AIDS 


PRICE CATALOG, FREE! 


SUPER $AVINGS! Newest. Finest. All 
types. Buy DIRECT & save up to HALF! 
No salesmen. Sold by AIR MAIL on HOME 
TRIAL. FREE Catalog. Write: 


fer PESE n 
t. PS3D 36658 Apache Plume Dr. 
Palmdale, CA 93550 


HYPNOTISM 
H YPNOT IZE Women! Gentlemen! 


HOBBIES & COLLECTIONS 


MILITARY Medals eae ue $1.00. 
SGOPS, Wildomar t $8.00. S. Vernon, Box 
Wildomar, CA 92395. 


HOME CRAFTSMAN 


MAKE WOODEN TOYS, whirligigs, 
or h , dollhouses, clocks, music boxes, 
eather instruments, crafts, furniture with 


elmont, Ohio 43718-0369. 


CLOCK movements, components, plans, 
»oxy, prints, door ha arp supplies, videos, 
encils - over 1500 items! Wholesale catalog 
3.00 (credited) Steebar, P.O. Box 463-5, An- 
wer, NJ 07821-0463. 


HOVERCRAFT 


HOVERCRAFT Plans, 3 to 160 Hp. Infor- 
ation $5.00 (refundable). Sevtec, Box 846, 
onroe, WA 98272 


HUNTING & FISHING INFO 


iginal Trumark midig wrist-braced siingsho! stores 
imo in handle. 225 Yard Range! $15.00 includes 
ngshot, 70 rounds of 1/2" white Tracer marbles, and 
mplete replacement powerband assembly. 


na gf ‘SNAPSHOT ~ —— 
10. nt 
T Magnam six < Prd stereo 


T y ud 12" barrel shoots bands up to 25 feet 
F Black plastic with tough nylon star wheel 


RUBBERBAND GUN 


1UMARK MFG. CO. COD 
O. BOX 18383 PS, BOULDER, CO 80308 USA 


KITES 


KITES 


FREE COLOR CATALOG 
Choose from over 100 kites. 
Many unusual & innovative designs. 
Call or write for your catalog today! 
Into The Wind « (303) 449-5356 
1408-P Pearl St., Boulder, CO 80302 


L] YES, SEND ME A FREE CATALOG i 


Name 

Address Á 
City 
State a Zip 
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DISCOVER .. BOOMERANGS! HI- 
CH Designs You Want. Free Catalo 
INTABTICI BoomerangMan, 1806-2 

., Monroe, LA 71201-4222 


HELP WANTED 


EARN MONEY al M books! $30,000/ 
yr income. potential. Now hiring. (1) 
805-687-6000 Ext. Y-20025 


GOVERNMENT JOBS $ 16,412 - 
$59,932/yr. Now Hiring. Your area, Call (1) 
805-687-6000 Ext. R-20025 for listings. 


INVENTIONS WANTED 


INVENTORS Your first step is impor- 
tant. For free advice, call ADVANCED 
PATENT SERVICES, Washington, DC, 
800-458-0352. 


INVENTIONS, ideas, rie products! Pre- 
sentation to Industry. National exposition. 
1-800- 288-IDEA. 


LEARN how to offer your invention for 
sale or license. Free booklet outlines proce- 
dures, royalty rates, requirements. Kessler 

les Corporation, C-7-T V, Fremont, Ohio 
43420. 


LOANS BY MAIL 


BORROW $50,000 “FAST”. Any 2 i 
Guaranteed. Capital, Box 561359-PS, Char- 
lotte, NC 28256. 


IMMEDIATE Loans to deserving individ- 

uals refused elsewhere. Many plans in- 
cluded. Try us! Associates P3, 
Baldwin, NY 11510-9008. 


LOANS ! LOW PAYMENTS. (Example: 
$5000 Personal approximately $155/month). 
Visa/MasterCard. 516-349-0251. 


BORROW $500-$40,000! “Overnight” On 
Signature. Keep indefinitely! Action, Box 
5499-Y Diamond Bar, CA 917695. 


BORROW $500-$200,000 quickly. 
Nearly everyone qualifies! Free Application. 
FSE, Box 10321, McLean, VA 22102. 


BORROW $1 00-$1 00,000. Quickly, on 
Signature/Secured Immediately! Apply 
Now! 1-404-879-5514 


CASH HOTLINE Loans Up To Your 
Yearly Income. Fast Approval With Proof Of 
Employment. 312-565-0919. 


BORROW: $100 - $100,000! Fast! Confi- 
dential. Glendale Associates, P.O. Box 
260279, Plano, TX 75026. 1-800-444-6599. 


LOANS For Nearly Anything. Fast Ap- 
provals! Cash 24-48 Hours! PFS. 
Ave., Dept. 1102, NY, NY 10010. 


HOW Much Money Do You Need? Simple 
Qualifying. Many Options. Unison, 2170 
Broadway #219, NY, NY 10024. 


1-900-726-7766 ($10 per call) Visa/ 
Mastercard. Instant Freliminary Approval 
With This Call! Poor Credit. 


BORROW $500 
ture”! Any Purpose! 97% Eligible! Free A 
Pa. National, Box 7627, Long Beach, 


$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
NACC PS-3 Box 5399, Torrance, CA 90503. 


CASH GRANTS AVAILABLE from 
foundations! Never Repay! 401 sources/ 
application instructions—$3.00. Fund- 
eg Box 19107-FC, Washington, DC 
0036. 


ARAB BUSINESSMEN have money to 
buy invest. Top finders fees paid. IMEA. 391/ 
PS1. Box 3574. Newport Beach, CA 92663. 
(714) 722-9260. 


BORROW $500-$100,000! “IMME- 
DIATELY.” ON SIGNATURE. KEEP IN- 
DEFINITELY! CREDIT-2U, BOX 343, 
TOMBALL, TX 77377-0343. 


MISCELLANEOUS 


HOW TO IMPROVE YOUR MEMORY 
IN ONE EVENING. Fascinating new Tech- 
niques Revealed. Never forget a name or 
face. Get straight As, Promotions, Amaze 
Friends. GUARANTEED $14.95. Mind- 
Spanding, Suite 209, 226 Elmwood Ave., 
Buffalo, 14222. 


MODELS—SHIPS, CARS, 
PLANES, ROCKETS 


| LIVE STEAM MODELS! 100 Kits or As- 


sembled. Stunning Colored Catalog $5.95 
Refundable. Diamond Enterprises. Dept PS 
Box 537, Alexandria Bay, NY 13607 
PHONE: (613)-475-1771. 


x 9008, 


, 210 Fifth | 


- $40,000! “On Signa- | 


MAILING LISTS 


NEW NAMES DAILY! IMMEDIATE 
SHIPMENT! Guaranteed Opportunity 
Seekers. Adhesive labels. 200/88; 500/311; 
1,000/318; 2,000/$29; 5,000/359 QUALITY 
LISTS, Box 6060-CW, Miller Place, NY 
11764. VISA/MC/COD, 800-356-6392. 


ACTIVE NEW OPPORTUNIST 
NAMES! GUARANTEED! 
LIVERY! MIXED STATES! 
500/$15; 1000/$25. DEALER'S CO-OP, 
BOX 526-PS, GRIFFITH, 


MONEYMAKING OPPORTUNI TIES 


MAKE Rubber Stamps. Highly Profita- 
ble. Free details. STAMPER, POB 22809 
(LLC), Tampa, FL 33622 


EASY Work! Excellent Pay! Assemble | 


Products At Home. CALL 504-641-8003 
EXT. 6517 


$10,000.00 monthly taking photo 
graphs at home! No experience. (213) 
549-0997 (90 second recorded information). 


“208 PROFITABLE FORMULAS”! 
(Free Lists) Research PS3, Box 291332, 
Davie, FL 33329 


EASY CASH. 15 proven money-making | 


formulas. Rush $2.00 to: Stinson Publishing, 


| Dept. PS, P.O. Box 2340, Prince George, BC 


V2N 2J8, Canada 


FOREIGN EXCHANGE - Buy and sell 


foreign currency for profit. $5.95 and SASE. 
Exco International, P.O. Box 29843, Hon- 
olulu, HI 96820. 


WIN BIG IN STOCK MARKET! For 


recipe send $250.00 to: Zeuss Scientific, 
P.O Box 14068, Santa Rosa, CA 95402. 


EARN $500 weekly mailing letters. Free 
Details. Omega, Box 4309-YM, West Covina, 
CA 91791. 


MAKE 3100+ HR DOING RADON 
INSPECTIONS. Send $5 for details or $99 
for startup kit. ARES, Box 10, Byron, GA 
31008-0010. 


OFINTERESTTOALL — 


GOLD CREDIT CARD GUARANTEED 
APPROVAL. NO BANK DEPOSIT NEC- 
ESSARY. CATALOG SHOPPING USA 
GOLD CARD 1-800-888-7774. 


i? HOT! 


OFF THE DRAWING BOARD FROM THE 


U.S. PATENT OFFICE) 


LEARN OF THE NEWEST INVENTIONS, PRODUCTS, AND 
TECHNOLOGICAL ADVANCES YEARS BEFORE THEY 
REACH THE GENERAL PUBLIC. 

NOW MADE EASILY ACCESSIBLE 
THROUGH A NATIONWIDE PROJECT. 
DETAILED ILLUSTRATIONS & COMPLETE 
DOCUMENTATION OF MECHANICS ARE INCLUDED. 
SEND $20 CHECK OR MONEY ORDER ONLY TO: 
U.S. PATENT PUBLICATIONS 

DEPT. 192 TITLE 197 
2020 PENNSYLVANIA AVE., N.W. 
WASHINGTON, D.C. 20006 


TEMPORARY TATTOOS! Safe, easy. 
FREE catalogue. Papillon, Box 30-PS, Mont- 
gomeryville, PÀ 18936. 


COMPREHENSIVE OFFERING: Un- 
disclosed Strategies of Mail Order Profes- 


sionals. Unlimited Profits, Part Time, No | 


Risk. Publication $11.95, D.C.R. Publishing, 
Box 536, Westmont, IL 60559. 


UNCLAIMED Abandoned Property. 
Claim Yours, S.A.S.E. PRC, P.O. Box 35711, 
Kansas City, ‘MO 64134. 


PATCHES, DECALS, BADGES — 


CUSTOMIZED PATCHES, PINS, DE- 
CALS, BUMPER STICKERS. FREE CATA- 
LOG, STADRI, 57R LEROY, NYC 10014 
(212) 929-2293. 


PATENTS & INVENTIONS 


PATENT Office Scanning Fast & Low 
Cost Find Similar Inventions Before Spend- 
ing Big Dollars Contact: RMI (212) 
633-2892. 


PLANS, BLUEPRINTS 


SOLAR WINDOW HEATER. Complete 
instruction manual to design and build your 
own window mounted so 
1 iE Sunworks, Box 608, Meridianville, 

351 


IN 46319, 


ar heater Price | 


TURN PORTABLE TABLESAW 
Into PROFESSIONAL WORKHORSE. 
Complete, illustrated plans $6.95. 
CUSTOMIZED, 7958 Pines Blvd, #217-53 
Pembroke Pines, FL 33024-9813. 


DOGHOUSE DESIGN Economical. 
Easy to build, light weight. Detailed plans & 
instructions send Ch ue or M.O. for $12.00 


SAVE WATER and money. Build Dry Re- 
cycling System, Plans $9.95. Alternate 
Routes, FO. Box 122 889 Dorchester Ave., 
Dorchester, MA 02125. 


PLASTIC AIR GUNS Shoot Concrete 
Filled Beer Cans 300 Yds. Simple Construc- 
tion Plans $10.00. Pinetree, Box 21266, 
S.L.C., Utah 84121. 


OLD GOLD, JEWELRY WANTED 


TAKE NO CHANCES, Deal with oldest, 
most reliable firm in old gold business. 
tablished 1934. We buy Gold, Silver, Plat- 
inum, Diamonds. Highest Cash. Free infor- 
mation. Rose Industries, 29-Y East Madison, 
Chicago 60602. 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, Diamonds, Watches, Silver, 
Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gol & Precious 
MN 10 S. Wabash, Dept. 757, Chicago, 


PLASTICS 


RUBBER. Liquid components, tech- 
miques. Catalog, $1: Handmade, Box 
6713(PS3), Memphis, TN 38186-0713. 


CASTOLITE Liquid Plastics. Crystal 
clear, colors. For casting, esae iras coa coat- 
ing, fi PB, repairing and 
ing with our-Mold Making "ples Catalog 
$2.00. CASTOLITE, Dept. 91C/PS, Box 


391, Woodstock, IL 60098. 


PRINTING SERVICES 


CUSTOM PRINTED BUSINESS 
FORMS, LABELS, TAGS, ENVELOPES, 
CHECKS, 1-B00-331-3841. FREE CAT- 
ALOGS. 


REAL ESTATE 
*BUILD YOUR DREAM IN COLORA- 


Down asy rms. Free Brochure. Call To- 
day. 1-800-383-0583. Patten Land of Colora- 
do Corp. 


MONTANA LAND BARGAINS: 20 Acre 
mountain parcels starting at $12,900. Call 
NOW for FREE information. 1-800-252- 
LAND. Yellowstone Basin Properties. 


NORTHERN IDAHO. 5-10-20 ACRES. 
Beautiful Northwest forest and lake coun- 
try. Hunting, fishing, recreation, retire- 
ment. Hundreds of rcels. Easy terms. 
FREE brochure. NATIONAL ASSOCI- 
ATED PROPERTIES, 1111-PC Sherman, 
Coeur d'Alene, ID 83814. (208) 664-8161. 


CALIFORNIA. Acreage. Lots. $50 down. 
$50 monthly. 4602 Ethel Ave., Sherman 
Oaks, CA 91423. 


MONTANA 
Trees, Creeks and Wildlife, 20 QUALITY acres 


{and up), close to Yellowstone Park, starting at 
$7,450. Easy Owner Financing. Guaranteed Ac- 


cess. Warranty Deed, Insured Title. Free Brochure, 


Rocky Mountain Timberlands 
333 Haggerty Lane è Dept. PS, P.O. Box 1153 
Bozeman, MT 59771-1153 s (406)586-8088 


Call Toll Free: 1-800-735-6484 


GOVERNMENT HOMES from $1 (U re- 
pair). Delinquent tax property. Reposses- 
sions. Your area (1) 805-687-6000 Ext. 
GH-20025 for current repo list. 


RADIO, TELEVISION 
SECRET Scanner Frequencies: Federal, 
Police, etc. Free Catalog! CRB, Box 56PS, 
Commack, NY 11725. 
SATELLITE TV 
SATELLITE Monthly Audio Codes 


1(900)-Hot-Shot. Intended For Testing Only. 
$3.50 Per Call. 
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$1.00 DAY SATELLITE - STOCK MARKET 
"Watch the Stocks & Commodity 
Markets - day or night. j 
"200 Pages of Charts, News, Stocks, p 
Commodities, ETC. 
* All equipment provided FREE! Nothing to buy! 
"Small 30° Ku-Band Satellite Dish 
* 20 Day FREE TRIAL - Call now 
1-708-307-1333 
50,000 subscribers watch Data Transmission 
everyday!!! 


SATELLITE T.V. 


CATALOG 
FREE DISCOUNT PRICES 
| CALL 1-800-845-6664 


WEST-COAST SATELLITE 
617 W. Division 
Mt. Vernon, WA 98273 


SATELLITE TELEVISION DE- 
SCRAMBLERS Complete Detailed Plans 
For Home Construction By Anyone. $5.00. 
Jansen Electronics, P.O. Box 25161, Seattle, 
WA 98125 


Save 3095-6095 ^9 
Systems, upgrades, 
IRDs, movers, Feeds, LNBs, 
3' to 24' dishes and more... 
Names Like - 
Monterey, Uniden, Drake 
HTS, Orbitron, atc. 
800-334-6455 — 
LL 218-739-5231 MN & INT. 
| SKYVISION INC® 


2026 COLLEGE WAY 
FERGUS FALLS, MN 56537 | 


Order ‘CUSTOM MADE" 


“fa RUBBER STAMPS 


if ci’ UP TO 4 LINES only s295 
' b (Max. 30 letters per line) 
ER INK PADS only $1.95 ea. 
Specify Color Black. Blue. Hed. Green 


aoe Add 25€ per item lor postage 
SATISFACTION GUARANTEEO 
FASTSE RVICE - Your Order Shipped in 5 days! 


QUALITY Stamp Mfg. Box 35514-S, Tulsa, OK 74153 


Classified Advertising 


$11.25 PER WORD 


10 word minimum 


| 

l 

l 

I 

I 

I 

| 

I 

| 

| 

| 

| 

l 

' [] CHARGE to: Exp. Date 
l | | | i 

j Heading my ad should be under: 

I 

| 1 2 3 

| 

i 5 6 7 

| 

| 9 10 11 

I 

| 13 14 15 

| 

| 17 18 18 

| YOUR NAME l—— PHONE 
| FIRM " 
( ADDRESS 

| CITY m STATE 

! DATE: YOUR SIGNATURE 

| (FLEASE PRINT OR TYPE COPY e FOR ADDITIONAL WORDS ATTACH SEPARATE SHEET) 
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BOLD FACE CAPS add $1.00 a word 


[] Remittance of $ 


SCIENCE & CHEMISTRY 


CHEMICALS AND LAB EQUIPMENT 
Chemicals, small or large quantities, for 
your convenience. Glassware, Scales, Micro- 
scopes available. Send $5. 00 for catalogue. 


Chem Lab, 1060-C Ortega Way Placentia, 
CA 92670. | 


FOX Scientific Lanoratory Puppies And 


Chemicals. $2.00 estmoreland, 


Dallas, TX 75237. 


1991 CATALOG, 200 es. Chemistry, 
Biology, Physical & Earth coat Nature, 
Dinosaurs and much more. Beginner to pro- 
fessional. $2.00. Merrell Scientific, 1665 
Buffalo Rd., Rochester, NY 14624. 


“EXPERIMENTERS” LABORATORY 
CHEMICALS - GLASSWARE, Catalogue 


$2.00 Established 1953 E now Laborato- 
diens 1302 Washington. Manitowoc, WI 
54220 


EXCITING SCIENCE KITS AND PROJ- 
ECTS! Catalog with science calendar $1.00 
(refundable), Bright Mind, Box 16798, Port- 
land, OR 97216. 


FANTASTIC HOLOGRAMS, large 4x5 | 


inch size. $12.95 + 2.00 S&H. Free bonus 
too! LASER MAGIC USA, (817)548-9200. 


COMPLETE Line Ce ienee ee 
Quality Merchandise, Low Pri 

Shipments. Catalog, $3.00 (double Refund). 
Westmoreland Scientific Co., 1148 West 
Pine St., Mt. Airy, NC 27030. 


SONG WRITER 
POEMS—SONGS WANTED. Free 


Publishing/Promotions. Broadway Music, 
Box 7438-1 , Sarasota, FL 33578. 


SPECIAL SERVICES 
INFORMATION On Anything. Ferguson 


Research Specialists. 60-15 Woodside Ave- | 


nue, Woodside, NY 11377. 


ASTRONOMICAL HOTLINE - Call for 
updated information on the next meteor 
shower, eclipse, comet, etc. Call 
1-900-872-2600 Ext. 118, $2/minute. 


STAMP COLLECTING 


UNITED NATIONS 3 Mint Sets, 25¢. 
Cornetta, POB 1509-P, Lake Placid, Florida 
33852. 


FREE! Gold Silver Stamps e dp 
DUE 21127 Fleetwood, Harper Woods, MI 


count as TWO words. 


FREE GIANT BARGAIN STAMP CATA- 
LOG, FULL OF ALL THE LATEST OF- 
FERINGS ON WORLDWIDE STAMPS, 
ACCESSORIES AND SUPPLIES, BASE- 
BALL CARDS, POSTCARDS AND BANK- 
NOTES. PLUS YOU'LL RECEIVE 


STAMPS ON APPROVAL. BUY ONLY 


WHAT YOU LIKE, RETURN BALANCE, ' 


SATISFACTION GUARANTEED. JAMES- 
TOWN STAMP COMPANY, INC., DEPT 
E31PS, JAMESTOWN, NY, 14701- 0019 


FOUR FOREIGN sets 25¢. uest ap- 
rovals. R. G. Sales, Box 1065-P, Jamaica, 
11431. i 


1,000 STAMPS, $2.95. Guaranteed 

worth over $30 at standard catalog prices! 
All-Different. 55 countries! Money back if 
not delighted. Approvals. Kenmore OM-273, 
Milford, NH 03055. 


TOYS & GAMES 


FANTASY BASEBALL! How to pla 
select pret organize league! 56.0 ^ 
Toddricks, D ent PS-301, Box 5473, 
Anderson, SC 29623-5473. 


WINEMAKING 


WINEMAKER—GEERMAKER: dee 
Illustrated catalo of su pplies. Sempl 
P.O. Box 11476H, capul MN 55 


WINEMAKERS-BEERMAKERS Free 
Illustrated Catalog - Fast Service - L 


Selection - Visa/Mastercard - (816) 254-0242. | 


KRAUS, Box 7850-N, Independence, Mis- 
souri 64053. 


FREE CATALOG! GREAT PRICES! 
FAST SERVICES! SEBASTIAN 
BREWERS, 7710 9S15T AVE, VERO 
BEACH, FL 32967 (407) 589-6563. 


WINEMAKING MADE EASY No Spe- 
cial Equipment. SuperMarket ient. 
Complete Method $10.00. EASYWAY, Box 
1748, Delray Beach, FL 33447. 


BEER BREWING KITS/SUPPLIES. 
Free Catalog! 407-626-2899. Home Brewers 
Outlet, P.O. Box 30626, Palm Beach Gar- 
dens, FL 33420. 


WATER PURIFICATION . 
NOW you can easily construct your own 


" PURE WATER DISTILLER for less than 


$20.00. Plans $12.50 + $2.50 P&H. JLG, 
Dept 83, POB 41, Swansboro, NC 
28584-0041. Money Back Guarantee. 


DRINK PUREST WATER! Home Dis- 
tillers, Discount Prices! 800-874-9028 
WATERWISE, Box 45981, Center Hill, FL 
33514-0459. 


POPULAR SCIENCE CLASSIFIED OPPORTUNITY MART 


DEADLINE FOR ADS: See head of classified section. 


VIDEO EQUIPMENT 


REMOVE VIDEO COPYGUARDS wit] 
automatic digital stabilizer. Get crystal clea: 
ictures from rental movies. $50.00 ea + 
$5. 00 P&H (203) 724-2964. ELECTRICAI 
TECHNOLOGIES, P.O. BOX 4532, HART 
FORD, CT 06101-9717. 


WEARING APPAREL 


NECKTIE PROTECTOR Guard' Ex 
person Ties Invisibly Against Spots am 
Completely Safe on Silk and Syn 
thetic Fabric $13.50. Repel Lab, 1200 
Freeport Rd., Pittsburgh, PA 15238. 


TOOLS & MACHINERY 


LATHES — MILLING MACHINES ™ 
MACHINE SHOP SUPPLIES — TOOLS 


— Catalog $1. 007 —— 


P.O. BOX 536-P5, HURRICANE, WV 25526 © (304) 562-3531 
Unimat è Compact è Maximat è Myford * Sherline © Atlas è Jet 


LATHES 
STARTING AT $350 
"Mills *Metais "Booki 
Precision instrumenti 
Catalog $2.00 
| (1000'4 of items) 
T z -— 513-322-8562 

CAMPBELL TOOLS COMPANY 
2100P Seima Bend, Springfield, Ohio 45505 


. 4 METAL Cutting Lathe $118. 20., Taig 
15048 Proctor, Industry, CA 91746. 


TRAVEL | 


LOVE TO TRAVEL? Travel The World 
Most Exotic Destinations Free!! And Eam 
Dollars Part Time. I'll Show You How. Fo 
Your Own Step By Step Guide, Send $29.9 
To: D.G. Bedard & Associates, 11 Kintyr 
Crt., Gen. Del., Caledonia, Ontario, Canade 
NOA 1A0. 


TREASURE FINDERS, 
METAL DETECTORS 


GENUINE GOLD NUGGET With Mir 
ng Facts, Information. Moneyback Guaran 
t Send $10.00. GOLDSTREAM, 2117 ls 
0B N.W., Calgary Alberta Canada T2? 
0B6 


Order Form 


WORD COUNT: Each word or initial in name and address must be counted as a word: John E. Jones, 345 East Main St., 
counts as SEVEN words. P.O. Box 3 counts as THREE words. City, standard 2-letter state abbreviation and zip code together 


TERMS: Payment with order or charge your VISA, MasterCard, American Express or Diners Club account. 


TO: Classified Advertising Dept. POPULAR SCIENCE, 2 Park Ave., New York, NY 10016. 
is enclosed to cover 


insertion(s) in the 


BENE —UÓ €" 


issue(s). 


12 


16 


ZIP 


Product information 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


ADVERTISEMENT ENNIUS 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


L] 


301 Windows and Patios A full-color bro- 
chure from Andersen Corp. provides information 
on custom combinations, planning a project, 
choosing a contractor, and much more. Free 


302 Fiberglass Pools From installation to 
maintenance to usage, Blue Dolphin Fiberglass 
Pools have many advantages. Blue Dolphin's 
one-piece pools won't crack like concrete, wrin- 
kle or tear like liners, or rust and leak like steel 
walls. All Blue Dolphin pools carry a 25-year 
warranty against structural damage. Free 


303 On-line Computer Communications 
CompuServe's informative brochure shows you 
how to use and communicate through the 
world's largest and most comprehensive com- 
puter information service. It features hardware 
and software support, electronic mail, personal 
investment services, and more. Free 


304 WeatherStations Digitar manufactures 
the world's smallest, most affordable weather 
stations. Different model functions include 
measuring wind chill, speed, direction, baro- 
metric pressure, and more. Free 


305 Hobbyist Catalog Edmund Scientific's 
112-page catalog contains over 3,200 prod- 
ucts for the hobbyist, gadgeteer, and educa- 
tor, featuring telescopes, weather instruments, 
plus many items for science-fair projects. Free 


306 Security Systems Espion’s "Home Se- 
curity Checklist” brochure describes its easy- 
to-install Homewatch 2000 wireless home-se- 
curity device. Homewatch 2000 avoids annoy- 
ing false alarms by using separate heat and 
motion sensors. It plugs into a standard wall 
socket and has a battery backup. Free 


307 Oil Additive A brochure from Fluoram- 
ics describes Tufoil, a spectacular low-friction 
and low-wear oil additive. Tufoil makes chang- 
ing your oil a patented engine treatment. En- 
joy fast starts, smooth operations, better ac- 
celeration, and longer engine life. Free 


Name (please print) 
Address 


308 The Dome: Beautiful Efficiency A 
125-page catalog from Geodesic Domes pro- 
vides information for building and finishing 
energy-efficient geodesic homes. It includes col- 
or pictures and more than 80 popular floor plans 
for 1,000-to-5,000-square-foot homes. $8 


309 Luxury Dream Homes A book from 
Home Planners contains more than 150 of the 
best luxury home plans from seven of the top 
designers and architects in the United States. 
The homes range in size from 3,000 to 8,200 
square feet and feature all styles. Blueprints 
are also available. $12.95 


310 Do-it-Yourself Videos Hometime, pro- 
ducer of the how-to home-improvement vid- 
eos, currently offers 41 specific project tapes 
for the do-it-yourselfer. Each tape runs 40 to 
90 minutes in length and retails for $9.99 at 
local hardware or home centers. Send for a 
list of available tapes. Free 


311 Unusual Items The "Things You Never 
Knew Existed” catalog from Johnson Smith Co. 
contains more than 1,800 hard-to-find novelt- 
ies, hobby and sports equipment, scientific 
and electronic items, and gag gifts. Free 


312 Windowldeas A brochure from Marvin 
Windows illustrates with four-color photos and 
renderings how window sizes and styles affect 
the appearance of your home. Energy and 
maintenance information is also included. Free 


313 Radar Detectors A catalog from Maxon 
Systems features a full line of radar detectors 
along with two-way radios, weather-alert re- 
ceivers, and hand-held CB radios. Free 


314 Binoculars Announcing the world's only 
continuous autofocus binoculars from Minolta, 
whose AF Maxxum camera revolutionized pho- 
tography. They're available in 8x and 10x 
magnifications, focus as close as 6.5 feet, and 
have customized diopter and interpupilary dis- 
tance adjustment. Free 


O 301 Ll 305 L 309 $12.95 U 313 O 317 
L1 302 D 306 L 310 D 314 0 318 
O 303 o 307 O 311 O 315 (319 
o 304 O 308 $8 O 312 o 316 O 320 


City & State 


Please send check or money order made out to POPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks delivery. 


315 Wood Finishing This edition of Min- 
wax's 30-page finishing guide contains time- 
saving tips and how-to instructions. Learn 
how to beautify and protect new wood and 
restore old wood to its original beauty. 
Free 


316 North Carolina Vacation The state of 
North Carolina offers a travel package contain- 
ing facts for planning where to go, where to 
stay, and what to do on a North Carolina vaca- 
tion. Free 


317 Computer Finance Reality Technolog- 
ies’ Wealthbuilder by Money magazine is a 
financial planning and investigating tool that 
helps define objectives and matches them to 
a specific strategy, including stocks, bonds, 
and mutual funds. Wealthbuilder is easy to 
use, results are fast, and you don't need to 
understand finance or computers to be suc- 
cessful. Call 1-800-346-2024 for more infor- 
mation. Free 


318 Septic-System Help Unfortunately, 
your septic system can back up. Rid-X helps 
you avoid septic-system failure. The compa- 
ny's booklet tells how your septic system 
works and how you can help it to keep work- 
ing. Free 


319 TowingTips U-Haul International offers 
a brochure entitled "Select A Hitch Guide." 
The guide is designed to make towing your ve- 
hicle easier. It charts hitch types, hitch classes, 
trailers, and tow vehicles. It will help you to 
select the correct hitch and class, depending 
upon your vehicle and what you plan to tow. 
Free 


320 Control Water Needs The Water-Weeder 
Harvester from Waterside Products works just 
like a hedge trimmer would under water. It 
cuts a four-foot swath and can be operated 
from a boat, dock, or shoreline. Perfect for 
waterfront property owners, fishermen, or boat- 
ers. Free 
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$  — for priced items 

$.- 100 /. tor handling 
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THIS COUPON EXPIRES MAY 31, 1991 
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POPULAR SCIENCE P.O. Box 1695, Riverton, N.J. 08077-7295 
Note: POPULAR SCIENCE New Jersey address is for Product information only. 
Please send the items checked below. | am enclosing $1 handling charge (any 


number of items per coupon) plus amount required for priced items. Orders will not 
be processed unless accompanied by the $1 handling fee. Do not send cash. 


Sampling a century of Poputar Science 


TERIS 


As a nation we are firmly 

committed, everyone knows, 
YEARS AGO to Project Apollo-Saturn— 
the plan to land an American on the 


| moon before the decade ends. 


Less well known is the fact that a 


| successful lunar landing in this decade 


is not so much an end in itself, as a 
most effective focus for developing a 
broad manned-space-flight program 


for the United States. 


The hard and simple specification of 
an early manned landing on the moon 


| has served to put our manned space 


program into high gear. And it has en- 
sured continuing public and congres- 
sional support. For it would obviously 
be foolish to spend so much for manu- 


facturing, testing, and launching facil- 
ay Two years ago, Henry Ford 
| — sat at a table in a laborato- 
YEARS AGO ry and instructed a young 
research chemist to go ahead and find 
out if plastic bodies for cars were prac- 


tical. Recently I sat at that same table 
while Mr. Ford revealed that the 


MARCH 1941 


chemist had brought in an affirmative : 


answer. I also learned that this re- 
search expert has just received addi- 
tional instructions, this time to try out 
his idea on an experimental car. 

This test car will utilize all the se- 
crets wrested from test tubes by 31- 
year-old Robert Boyer. 

It probably will be filled with what 
the automobile engineers call “bugs.” 
But when the bugs are removed and 
when no more engineering and design 


| problems remain, a new type of auto- 


MARCH 1891 
Cements, such as are 
used for construction, 

YEARS AGO may be divided into two 
general classes, natural and artificial. 
The essential ingredients, carbonate of 
lime, silica, and alumina, are the same 
in both classes, the principal differ- 
ence being the proportions in which 
they are present and their purity. 

In the manufacture of natural ce- 
ment, the raw material generally used 
is some stone in which the carbonate 
of lime, silica, and alumina are pre- 
sent in more or less correct propor- 
tions, while in the manufacture of arti- 
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Looking Back... 


ities if we were not determined to in- 


vest further funds to man those facili- 


ties—and see the gigantic Apollo-Sat- . 


urn program through to a successful 
conclusion. The moon landing, howev- 
er, has never been this project's sole 
objective. The time has come for man 
to venture farther away from Earth 
than our astronauts' voyages in low or- 
bits so far. It's time to set foot on other 
heavenly bodies.—Dr. Wernher von 
Braun, director of NASA's George C. 
Marshall Space Flight Center. 

As a result of the Project Apollo- 
Saturn, astronaut Neil Armstrong 
landed on the moon on July 20, 1969. 
The last mission to come out of the 
Apollo-Saturn project was the Apollo- 
Soyuz test project mission, which was 
launched July 15, 1975. 


mobile will start rolling from the as- 

sembly lines—an automobile that will 

have a plastic body, fenders, and hood! 
"It will be a car of darn sight better 


ficial cement, the raw material used 
consists of the essential ingredients, 
each in a comparatively pure state, 
thoroughly mixed in theoretically the 
correct proportions. It is due to this 
fact that artificial or portland cement 
is not only much superior to natural 
cement, but that it is much more uni- 
form in its quality. This feature of uni- 
formity is perhaps the most valuable 
possessed by portland cements, and 
one which can never be attained in the 
manufacture of natural cements. 

It is a fact known to engineers and 
builders that as a class, portland ce- 
ments are slower setting than natural 


with 


At Ford Motor Co.'s River Rouge 
, Workers make an e 
mental body panel ovt of pl 


ness 1s just one of the new 
businesses that can find 
new uses for plastics 
made from what's grown 
in the land. There's no 
end to what can be done 
with them if we know how." 

Ford's recent attempt 
ak using composite plastics in auto- 
mobiles is the Taurus, Ford's proto- 
type family sedan [“Plastic-Chassis 
Taurus,” May 90]. 


cements. The term portland cement is 
now generally used to designate artifi- 


cial cement, from the fact that the first | 


artificial cement made in England, 
when hardened, resembled the famous 
portland building stone. 

Whether the mixture of the neces- 
sary ingredients is artificial or not, it 
is burned almost to the point of vitrifi- 
cation and then ground to extreme 
fineness. The fineness to which ce- 
ment is ground. is one of the most im- 


portant points in the manufacture of 


the product, for the reason that, if not 
finely ground, its strength may be re- 
duced 50 or 75 percent. 


design in every form,” Mr. | 
Ford said. “And don't for- | 
get: The motor car busi- | 


The Arabian [ACTA TT 
iain rity. 


TOYOTA 


thing lE to the topo Not power beca TT. it boasts a rugged 24-liter 
electronic fuel-injected SOHC engine. Not price, because the 4x4 
Deluxe is surprisingly affordable. You can even get an extra value 
package that could save you a bundle on thé features you want | 
most— power steering, AM/FM ETR radio, chrome package and 
more. You don't have to give up our legendary reliability, either. 
After all, it’s a Toyota. Call 1-800-GO-TOYOTA if you'd like a truck 
brochure or the location of your nearest dealer. 
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